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SUMMARY

This report is one of a series describing the contractual and in-
house research program undertaken by the Aercspace Medical Research
Laboratory, Wright-Patterson Air Force Base, Ohio, to develop a
procedure for predicting the community nolse exposure resulting
from aircraft operations. It discusses in lay terms the applicabi-
lity of u%e procedure to the aircraft nolse related problems facing
the master “lanners, civil engineers, environmentallsts, ete., as
well as the management people concerned with operating an air base.
The refere.cec companion reports are:

Ref. 7 Describes the rationale and technical basls for
the nolise exposure prediction procedure.

Ref. 8 Describes the measurement test plan and data
analysis methodclogy used to obtain the required
data file on millitary aircraft ncise character-
istics.

Ref. 9 Describes the capabllity of the nolse exposure
prediction computer program and how the user can
avall himselfl of 1ts many [eatures.

Ref. 10 Describes the set of routines making up the
nolse exposure predic*ion computer progranm.,

Ref. 11 Describes the results of acoustic measurements
made durlng various Alr Force and Navy/Marine
Corp. ailrcraft ground and flight operations.

This new nclse exposure preciction procedure updates the Composi
Noise Rating (CUNR) metnodology used by the three military services
and the civil aviation community since 1964 when it was first put-
lished as AFM 86-5, T 5-365, and NAVDOCKS P-98, "Land Use Plauniig
With Respect to Aircraflt Noise."

is and companlon reports, together with the accompanying computer
program, arc based upon the nolse exposure forecast (NEF) procedurs
wnich utilizes the effective perceived noise level (EPNL) as th=
basic measure for describing the noisiness of a given aircraft cper-
ation, whether 1t 1s a B-52 takeoff, a C-130 ground runup, a T-30

ouch and go, or whatever. The EDNL noise measure accounts for thne
51»nal level, frequency content, presence of pure tones, and the
duration of the noilse in computing a single number Iindex of the
relative noisiness or annoyance associlated with a single aircraft
operation. The weighting of the frequency content is based upon
the results of psychcacoustic studles, specifically designed to
judge relative nolsiness. Whlle the effective perceived nolse level
is recognized by most acousticlans as the most accurate measure of
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annoyance from aircraft noise, other measures are used when a
decrease 1in accuracy can be offset by cost, simplicity of measure-
ment, or other consideration.

Recent studles by the Environmental Protection Agency have led to
the specification of another noise exposure procedure and measure,
the day/night average level (DNL) which utilizes the sound exposure
level (SEL), the A-weighted scund level integrated over the time
of the event, as the basic measure of the noisiness of a given
event -- aircraft takeoff, ground runup, etc. In view of EFA re-
commendations .regarding the use of DNL as the basic nolse exposure
measure in describing noise not only around airports, but also as
a measure of nolse erxposure for non-airport situations, it 1is re-
commended that the DNL (with tone correction and ground runup
penalty modifications as described in Ref. 7) be adapted as the
basic noise exposure procedure to describe Air Force operations.
The NEF procedures and computer program can be easily rescaled in
terms of DNL since the basic principles underlying NEF and DNL
procedures are similar. In addition, the military aircraft noise
data file contains descriptions of uoise in terms of both effect-
ive perceived noise level and the sound exposure level (as well as
other measures based on the perceived noise level and A-level).

Changes in missions, flight operations, or aircraft types can cause
major changes in the nolse environment which can drastically under-
nmine existing land use strategles at a particular air base. Such
problems arising from major changes in the noise environment 1llus-
trate the very real need for early assessment of the environmental
impact. Using the noise exposure procecdures (NEF or DNL) with the
present and anticipated average number of aircraft operational condl-
tions at a given air base clearly reveals the expected changes in

the noise environment in the vicinity of the air base, the anticipated
community response to these changes in the nolse environment, and
land uses compatible with the noise environment. Thus, the procedure
not only can be used for land use planning purposes as in the Ailr
Installation Compatible Use Zone (AICUZ) program recently adopted

by the Department of Defense, but carn also be used in gaming studies
for evaluating the effect on the nolse environment due to changes

in aircraft assignment or flight operations, new propulslon systems
or aircraft types, for siting of ground runup facilities or identify-
ing engine test cell and ground runup suppressor needs, and for
unvelling possible means of alleviating community arnoyance "hot
spots" about an air base.

With the single event noise data flle describing the noisines: oro-
duced by each aircraft type as a rfunction of englne power setting
and the performance characteristics of the aircraft, the procedure
computes for any specified location on the ground the total noilse
exposure over a 24-hour period resulting from the average number of
ground runup and flight operations occurring at thes air base. Thils
nolse exposure 1s then welghted for the lncreased annoyance asso-
clated with nighttime operations and ground runups to yield the NEF
value at that location. To graphically describe this weighted noise
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exposure the NEF value is computed at 1000 foot intervals and con-
tour lines plotted on a vicinity map by connecting points of equal
NEF vaiue.

Provided in this report are guidelilnes for interpreting the NEF
value in terms of percentage of the exposed population that will

be highly annoyed and expected to complaln and land uses identified
that are compatible with a gilven noise exposure. To apply the preo-
cedure, accurate information is required of the air base layout,
operational procedures, flight data, and ground runup information.
Sample forms are included to report the necessary data in a standard
format.
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1 SECTION I
INTRODUCTION

. Nolse from ailrcraft operations impacts on many facets of Air Force
F operations. This has been recognized by the Air Force in the many
research and development studies and operational steps taken to

¢ control aircraft noise since it was first identified as more than

J an occasional problem in the early 1950's. Despite the many steps,
most military aircraft remain noisy and, with the continuing nee”’
for maximum performance to carry out primary military tasks, many
future aircraft will also be noisy.

3 The sharply increased emphasis on environmental factors within the
3 last few years and the recognition of noise pollution as a problem
] of national concern means that noise from aircraft operations must
receive even more attention than in the past.

There is particular need for better assessment of the actual noilse
environmment around air stations, increased consideration of noise
in operations and air base planning, and more exploration of means
for reducing nolse exposure. To aid in this effort, the Air Force
has developed new procedures for depicting the aircraft noise envi-
ronment arournd alir bases. These new procedures result in the cal-
culation of noise exposure forecast (NEF) contours to depict the
noise environment.

wrr—r

o Al PN TS

The NEF contours represent a major updating of the composite noise
rating (CNR) contours that nave been widely used to depict the
! noise environment around military air bases.

This report briefly describes the NEF procedures. Ilore importantly,
the report describes the applications of the NEF contours and pro-
cedures to a nunber of aspects of Alr Force operations -- air base
plarning, aircraft operations and aircraf't design. The report also
provides interpretations or' the noise contours in terms of imract

on land develcpment and on community respcense around air stations.

This report dces not provide great technical detail about the NEF
procedures or its applications, since such information is provided
in the references glven. The only exception is Appendix A which
provides a detailed gulie, together with the necessary data forns,
for the collection of the information needed to calculate the noise
exposure contours for a specific air base.

Consideration of noise involves special terminolegy and concepts
‘that may not be familiar to the reader. Thus, tne next section of

this report provides a brief review of noise fundamentals and an '
introducticn to alrcraft noise terminolcegy. |

11 ‘i




SECTION II
AIRCRAFT NOISE BASICS

The word noise 1s in wide use in many fleld of technology today,
but if we 1limit our discussion to its use in relation to sound,

one may define nolse loosely as unwanted sound. For our purposes,
an acceptable definition of sound is that 1t is a physical disturb-
ance of the atmosphere that can be detected by the human ear. A
simple source of sound familiar to all of us 1is the tuning fork.
When 1t 1is struck, it vibrates in a to-and-fro motion setting the
air in motion in the same manner. This resulting disturbance of
the air travels outward from the tuning fork and upon entzaring the
ear canal of the listener produces an auditory sensation, or sound.

We are concerned in defining the impact of aircraft noise on people,
on communities and on land uses. Before one can discuss these
aspects, it 1s useful to discuss some properties of sound and de-
velop some of the quantitative scales that are used in the measure-
I ment of sound. We will then discuss some of the special properties
of sound generated by aircraft operations and give some insight in
the human factors.

v o

BASIC NOISE MEASURES

e Py o

There are several attributes that we associate with a sound: it
may be loud or faint, it may be high-pitched or low, discordant or
pleasing, etc. These various characteristics must be quantified

in order to arrive at an engineering description of any given sound
and to have a means for comparing two sounds separated in space and
time.

A OIS TAF o

§ Decibel Scale

The pressure fluctuations in the quiescent atmosphere, which are
detected as sound, are generally very small, but nonetheless there
is a large difference in pressure between the failntest audible
sound (e.g., rustling leaves) and the loudest sounds (jet engines,
rockets). The ratio is on the order of a million billion (1015),.
Aithough the human ear can distinguish the differences in loudness
between these different sources, the differences in loudness are
much smaller,

If a given sound source produces a certain subjJective sensation of
loudness, two ldentical sources will not be perceived as being twice
as loud. Experiments have shown that the human ear, as well as
certain other sensory functions, behaves in a non-linear way which
is close to the mathematical logarithm function.

‘ 13 Preceding page blank
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Using this mathematical basis, it is possible to construct a scale
for measuring the pressure fluctuations (sound pressure) which
corresponds fairly well with the properties of the human ear as
far as loudness perception is concerned. This scale 1s called the
"decibel scale" and the quantity that it measures is called sound
pressure level. The zero on this scale corresponds roughly to the
quietest sound an average person can hear. A sound level of about
120 on this scale corresponds to the point where the noise becomes
painful.

Figure 1 illustrates the logarithmic nature of the decibel scale;

it chows a range of sound pressures rangin% from 1 to 10,000 in
magnitude translated into scale from 0 to 80 in decibels. Because
of the compression inherent in the decibel scale, the addition of
two sounds using the decibel scale is very unlike arithmetic addi-
tion. One example in Figure 1 shows that the addition of two noises
of equal magnitude results in an increase of 3 dB. The second
example 1llustrated in the figure shows that when one sound is
appreciably larger than another, the addition of the lesser sound
adds very little to the level of the combination. Figure 2 provides
a chart and rules for the addition of two noise levels,.

Frequency Spectrum

Apart from the loudness of a sound there is the characteristic of
piteh. We have seen that the size of the pressure fluctuations 1n
the air determine the loudness of the sound. The pitch of a sound
is related to how often such fluctuations repeat. For audible
sounds this repetition may vary from about 20 times per second to
around 16,000 times per second. If a given sound consists of fluc-
tuations which repeat 440 times per second we say that the sound
has a frequency of 440 Hz.

There are various kinds of sounds. The sound produced by the simple
tuning fork is known as a pure tone and 1s usually composed of a
single frequency. An example of a more complex sound 1s a musical
note such as Middle C on the pilano. Thlis kind of sound has a funda-
mental frequency (256 Hz) plus several overtones or harmornics. In
practics one encounters sounds that are much more complex, such as
speech, music, and the wide range of sounds classed as noise. Each
of these sounds contains energy extending over a rather wide fre-
quency range. This includes, of course, most alrcraft noises, as
well as the nolse produced by most motor vehicles. One can identify
the pure tone with the whine of a jet engine compressor or fan, and
the broad band noise with the roar of the exhaust of a turbojet

engine.

Figure 3 shows a typical frequency spectrum for a jet exhaust noise.
In this instance, nolse levels are measured 1in frequency bands,

each an octave in width. The "total" sound level, called the over-
all gound pressure level, 1s the sum of the sound levels in each
octave band (with addition in accordance with the rules given in
Figure 2).
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For nolse levels known or desired to an cccuracy of £ 1 declbel *:

When two decibel

Add the following amount
values differ by

to the higher value

Oor 1 dB 3 at
20r 3 dB 2 d8
41 9d8 1d8

10 dB or more

* For greater accuracy, use chert above

RULE FOR COMBINING SOUND LEVELS BY " DECIBEL ADDITION"

FIGURE 2. "DECIBEL ADDITION" RULE AND CHART
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A-Welghted Sound Level

4 To complicate matters, the human ear 1s more sensitive to sound
energy at higher frequencies than at lower frequencies, and further,
the ear's sensitivity to sounds of different frequencies changes
with the level (magnitude) of the sound. ITn problems involving
reople's reaction to noise, one needs a way of accounting for the
ear's varying sensitivity to noilses which vary in frequency and in
level. And, much effort has gone into studies to develop improved
methods of relating physical measurements to the subjective response
of human listeners.

CAloA Lo 4l e e

One early approach for improving the correlation between measured
pressures and subjective human response was the introduction of
frequency welghting networks on sound level meters¥.

The welghting network that is 1in widest use today 1s the A-weightling
E network. The network discriminates against the lower frequencies,
to which the ear 1is less sensitive, according to a relationship
approximating a person's subjective reaction in terms of loudness
at moderate sound levels. Noise levels with the A-weighting network
3 are identified as the "A-welghted sound pressure level of 77 dB,"
3 or mgre simply as the "A level of 77 dB," or, shorter yet, as "77
] dBA.

The lower part of Figure 4 shows the electrical frequency response
of the A-scale network; the upper part of Figure 4 illustrates the
effect of the filter on a typical jet noise spectrum.

The A-weighting is wildely used throughout the world to measure com=-
munity and industrial noise. It 1s also widely used to measure motor
vehicle and traffic noise. Figure 5 lists the approximate A-level
of some common sounds. The figure also shows the relative subjective
loudness of the sounds, as well as the relative physical sound energy
involved. The relative loudness scale shows that a change of 10 dE
in the A-level corresponds to a subjective judgment of a halving or
doubling of the loudness of the sound. In other words, a sound judged
tc be twice as loud as another sound would have a sound level approxi-
mately 10 dB greater than the first sound (even though the 10 dB
change corresponds to a factor of 10 in actual sound energy). On the
! other hand, a difference of one or two dB between sounds, although
? probably detectable if heard within a short time interval, would not
be judged to be significantly different in loudness by most observers.

#The sound level meter is a device for measuring sound pressure
levels. The small pressure fluctuations are detected by an extreme-
‘ ly sensitive sensor called a microphcne and are transformed into an
electrical signal. By means of electronic circuitry thils electrical
signal can be amplified and read out on a meter directly in deci-

bels.
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Sound Lovoll E:!:;l::; R;'o‘::r:;.
dB(A) (Approximate) Energy

Jeot Plane, 100 Feet 130 128 10,000, 000
Rock Music with Amplifier 120 64 1,000, 000
Thunder, Danger of Parmanent 110 32 100,000
Hearing Loss
Boller Shop, Power Mower 100 16 10,000
Orchestral Crescendo at 25 90 8 1,000
Feet, Nolsy Kltchen
Busy Street 80 4 100
Interlor of Department Store 70 2 10
Ordinary Conversation, 3 Feet away 60 1 1
Quiet Automoblle at Low Speed 50 1/2 N
Average Office 40 1/4 .01
City Resldence 30 1/8 .001
Quiet Country Residence 20 1Né .0001
Rustle of Leaves 10 1/32 .00001
Threshold of Hearing 0 1/64 .000001

FIGURE 5.
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Perceived Noise Level

mercial aviation renewed interest in arriving at a sound level
scale which would correlate weli with human response to the noise
produced by jets. Jet engines produce considerable noise in the
middle and high frequencies and therefore are judged much noisier
than the propeller aircraft which produce a more low frequency
noise. A model was developed which approximates a person's sub-
Jective response in terms of relative noitsiness or annoyance of

the aircraft sounds. The scheme 1s too complicated to be imple-
mented by a simple filter, and requires summing up, in a particular
non-linear mann2r, the nolsiness contribution of each frequency
band in the nolse spectrum. This noise measure 1s called the per-
celved noise level (PNL). The unit of measurement 1is again the
decibel, but a caveat 1s appended to the unit dB. The perceived 4
noise level 1s therefore expressed in PNdB. ﬁ

f _ The advent of jet aircraft and particularly their wide use in com-

e St

o

The perceived noise level has come into wide acceptance as a valid !
measure of aircraft nolse although with some further refinements. 4
The presence of ldentifiable discrete tones makes a noise more
objectionable than i1t would be without these tcnes. This led to
the tone-corrected perceived noise level (PNLT). The exact rela-
tionship between the A-level and the PNL or PNLT for a given air-
craft sound will depend upon details of the nolse spectrum. But,
ror most alrcraft sounds there will be a rather close correlation
between A-level values and the perceived noise levels; typically,
the PNL will be 12 to 14 4B higher than the A-levels, thus, a rough
rule-of-thumb for converting from one scale to another is:

PNL = A-level + 12

AIRCRAFT NOISE DESCRIPTORG

In study of airport and aircraft noise, two different types of noise

measures are needed -- one to measure the noise of itndividual noise

events, such as the nolse signal of an aircraft flyover, and another i
to describe the noise environment resulting from a complex of noise
§ events, such as the nolse exposure due to aircraft operations at an
i

Nl e L

air base.

The noise exposure forecast (NEF) value is a measure of the notise
environment. But, 1t 1s necessarily based upon nolse descriptions
of individual noise events, such as an aircraft flyby or a ground
engine runup.

Effective Perceived Noise Level and Sound Exposure Level

Both the A-level and PNL (or PNLT) can be used to measure the maxi-
nun level of an alrcraft flyby or englne runup. But neither meas-
ure takes into account the duration or the nolse event, and labora-
tory tests show clearly that the noisiness and annoyance increase
with the signal duration as well as magnitude.

21
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Several measures have been devised to account for both the magni-
tude and the duration of noise.

The effective perceived noise level (EPNL) takes the duration of

the signal into account by integration of the noise level with time
for the duration of the event. This 1s i1llustrated in the upper part
of Figure 6. The noise measure which is integrated is the tone-
corrected perceived noise level (PNLT). The signal duration is
defined as the perlod during which the noise signal is within a pre-
scribed number of decibels of the maximum noise level. Thus for an
aircraft flyover, the signal duration would be on the order of
several seconds to perhaps half a minute, depending primarily upon
the distance between the aircraft and the observer. For a ground
runup the signal duratior. may vary from a few secounds to many min-
utes.

In a similar manner, the A-level can be integrated with time over
the noise event, as illustrated in the lower part of Figure 6. The
resulting noise measure is the "sound exposure level" (SEL).

The exact relationship between the EPNL and SEL will vary with de-
tails of the noise event, but like A-level and PNL, will be well
correlated fcr many aircraft sounds, with the EPNL, typically, 2 to
9 dB greater in magritude than the SEL value.

The upper and middle sections of Figure 7 summarize two of the noise
measures for single events discussed so far -- the A-level and PNLT,
and the EPNL and SEL.

A tone correction, similar to that used with PNLT, the tone-corrected
perceived noise level, can be added to the A-level, to obtain the
tone-corrected A-level, ALT. Integration of the ALT with time, then
ylelds the tone-corrected sound exposure level, SELT.

Noise Exposure Forecast, Day/Night Level

A description of aircraft noise in terms of the maximum nolse levels
for individual noise intrusions is helpful in comparing one aircraft
with another or relating the aircraft noise to other sources of
nolse in the community.

However, we must still construct an environmental descriptor to ex-
press the subjective response to a variety of noise intrusions
throughout a period of time. It was reccgnized quite early that
such descriptors should make allowance not only for the annoyance
of a single event but also for the number of events and the time of
day of these events. Most environmental descriptors of aircraft
nolse in use in the world today are based on thils principle. One
starts out with a single event descriptor. A correction factor is
applied for the number of aircraft noise events that occur during a
given period of the day. Similarily each of these periods 1is given
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a weight depending on the time of day. Since these descriptors
are concerned with the environment for residential areas, night-
time events are considered more annoying than daytime events and
thus nighttime noise events count heavier than simllar events
during the day.

The composite noise rating (CNR) which has been in use by the
Department of Defense is one of these measures'!®. It was based
upon the PNL and contained provision for accounting for the number
of aircraft operations and the time of day. The method had several
shortcomings: it was based on the PNL with no correction for dura-
tion of flight events or for the presence of "pure tones"; adjust-
ments for the number of events, or for adding together the noise
contributions of different classes of alrcraft, was on a "step" ;
basis that occasionally led to unrealistic and inaccurate noise %
exposure estimates. 1

The noise exposure forecast (NI'F) concept and accompanying calcula- r
tion nrocedures remedies many o. the shortcomings of the CNR. The
NEF is based upon the effective perceived noise level and therefore
contains corrections to accouant for pure tones and for duration. 1
Also provision is made to accourt :'or noise from all operations
and not just the noisiest ones. The next chapter will discuss the
NEF in greater depth.

1} B L Trvta &
- iy a5t R AR WS

Other descriptors are in use in the United States. The Environmen-
tal Protection Agency (EPA) has introduced an environmental measure,
called the day/night level (DNL)?, based on the SEL noise event
measure rather than the EPNL. In terms of application to aircraft
situations, it is based on the same considerations as the NEF, and,
indeed, except for changes in noise data base and a few constants,
the computer programs used to calculate NEF contours can be utilized
to generate DNL contours.
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It is anticipated that the EPA will encourage the widespread use of

DIHL in describing airport noise environments throughout the country.

: 3 In anticipation of such widespread use, the Alr Force aircraft noise
data 1s processed so that AL, ALT, SEL, and SFLT data are available zs well as

PNL and EPNL data.

e

e

In summary, the lower portion of Figure 7 shows the major considera- E
tions invelved in calculation of the NEF and DNL measures.

! AIRCRAFT NOISE SOURCES

The aircraft noise sources of major interest are the turbojet and
turbofan engines. Although many plston and tu:boprop aircraft are
flying, their contribution to the nol. e environment is generally
small when Jet aircraft also operate.

g
a.

BReferences ar~ listed together at the end of this report.

25

A




Turbojets and Turbofans

Turbojet and turbofan engines are in general much larger in terms
of power output and produce consliderably more noise than turboprop
or piston engines. For example, a single military turbojet engine,
in afterburner, may generate in excess of 70 kilowatts of acoustic
energy, as compared to less than a milliwatt for a human voice.
Besides producing higher overall levels, jet engines may produce
more noise in the higher frequencles, which causes the nolse to

be more annoying.

There are two major sources of nolse in the jet engine: the roar
of the jet exhaust; and the turbomachinery, compressor and fan
noise from turbulence produced by rotating blades in the engine.
The upper portion of Figure 8 shows the locatlon of sources of
noise in a modern turbofan engine.

The exhaust noise 1is generateu by the expansion of the high-velocity
exhaust stream into a quiet atmosphere. The shearing forces in-
vo.ved in this process will produce a turbulent eddy system that
produces the noise. The scale of the turbulence (the slze of the
eddies) 1is small close to the engine and increases downstrean.

Since the frequency of the noise is inversely proportional to the
eddy size, the high and low contributions to the jet nolse are
generated in different parts of the exhaust wake behind the engine.

The amount of noise generated by < given air jet 1is roughly propor-
tional to the eighth power of the jet velocity. Put in different
terms, a doubling of the exhaus: velocity corresponds to a 256-fold
increase in acoustic energy, or, in terms of decibels, an increase
of about 25 dB. In-flight noise suppressors therefore aim to reduce
the average jet velocity in the exhaust stream by inducing alr from
the surrounding atmosphere into the jet stream.

The turbofan engine produces much less nolse for the same engine
power for precisely this same reason. The outer portion of the
engine, the far duct, produces a secondary air flow around the pri-
mary jet exhaust reduci:ig the shearing gradients between the jet
core and the atmosphere. This principle is carried out to a high
degree in the high-bypiss ratic engines of modern large transport
aircraft. These engines are attractive because they produce more
usable power output for a given amount of [fuel in addition to their

quiet operation.

The use of afterburners in military aircraft accomplishes, from an
acoustic point of view, exactly the opposite as the fan jet. Here
the velocity of the exhaust jet 1s increased, thereby lncreasing

the nolse output.

For jet exhaust noise, the angle of maximuam reduction 1is of the
order of 30 to 50 degrees relative to the exhaust axis. For this
reason, the maximum noise level found on the grcund will occur

!
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well after the aircraft has passed overhead, when the rear "lobe"
¢f the nolse pattern reaches the observer. The lower portion of
I"igure 8 depicts a typical directivity pattern for a turbofan air-
craft at takeoff power.

ingine nolse sources, other than the exhaust noise, typically are
easily recognizable ard even dominant during approach and taxi
operations. The characteristic whines of compressors and fans may
be extremely annoying.

In the newer civil versions of the high bypass turbofan engines,
major steps are taken to reduce fan noise. Reduction in noise

1s accomplished by elimination of inlet guide vanes, slowing the
fan speed, and lining the nacelle ducts with acoustically absorbing
material.

Propeller Aircraft

For either the piston or turbine-powered propeller aircraft, the
propeller 1s usually the predominant ncise source at takeoff power
settings. Although nolse is generated over a wide range of fre-
quencies the main contribution is at the lower frequencies. Most
energy 1s radiated around the propeller blade passing frequency
(1/60th of the engine rpm times the number of blades), and multiples
of this frequency.

Engine exhaust noilse i1s also ar important noise source for the piston-
aircraft, hence, at takeoff power, a turboprop aircraft will usually
be quieter than a comparable piston-powered plane. At 1dling or
taxiing power, however, the turboprop engine shares with other jet
engines the high-pitched whine of the compressor.

SOUND PROPAGATION

The propagation of nolse from a source to a recelver depends on
several factors such as theilr relative distance, atmospheric condi-
tions and intervening acoustic barriers. The influence of distance
1s a very simple one. As the nolse spreads out over a larger and
larger area the amount of energy per unit area becomes less and
less. This decrease in intensity 1s inversely proportional to the
square of the distance between source and receiver, or put in terms
of decibels, the level will decrease by 6 dB for each doubling of
distance.

Thers are several atmospheric effects that influence the propaga-
tion of sound. A very important factor 1s absorption due to water
vapor in the air. The higher the frequency of the sound the more
strongly will it be absorbed in the air. We are all famlliar with
this phenomenon: thunder propagated over a long distance sounds
like a low grumble, whereas when the lightning strikes close by
there is much high-frequency crackling. Similarily one can hear
the drums of a marching band from a great distance; as they get
closer more and more of the other instruments become audible.
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The two dashed curves in the upper part of Figure 9 illustrate
the increased absorption of high-frequency sound energy: the high-
frequency curve decreases with distance much more rapidly than

the mid-frequency sound curve.

In developing PNL and EPNL curves for use in calculating NEF values,
the effects of air observation are taken into account, assuming a
standard day (59°F, 70% relative humidity). Predictions based on
such temperature and humidity conditions provide conservative esti-
mates for a wlde range of weather conditions. However, special
roise curves can be generated, when needed, for any desired tempera-
ture and humidity.

The lower portion of Figure 9 shows two typical perceived noise
level curves. Two cases are shown -- one for the takeoff of a turbo-
Jet fighter and one for the takeoff of a turbofan transport. Note
that, in comparison with the curves in the upper part of the figure,
the curves change 1n shape with distance, reflecting the actual alr-
craft frequency spectrum, and the varylng amounts of high and low
frequency sound energy present.

For aircraft in flight, and when the line of sight between observer
and aircraft 1s greater than about 10 degrees above the horizon,

alr absorption effects are typically the most important propagation
influence. For propagation at lower angles to the ground, or propa-
gation over ground (from an englne test stand, for example) other
propagation factors may become important.

Temperature gradients in the alr may influence the propagation. Dur-
ing periods of "normal" temperature gradients (i.e., the air gets
cooler as cne gets higher) the sound tends to be deflected upward,
causing "shadow zones" at certaln distances from the source. Con-
versely during periods of "temperature 1lnverslon" the sound tends

to be curved downwards tending to lncrease sound levels observed

on the ground.

Wind conditions also affect sound propagation. The sound tends to
bend upwards into the wind and downwards in the downwind direction.
These atmospheric effects are, however, by no means steady. The
inhomogeneity of the atmosphere complicates the problem even further.
The result is that although the basic principles are understood the
actual quantitative prediction leaves much to be desired. Measure-
ments 1n the open atmosphere of the sound level due to a constant
source may fluctuate as much as 10 or 20 dB when the distance is a
few thousand feet.

Sound propagation very close to the ground has its own set of addi-
tional variables. At low angles of observation there is a "ground
effect" due to ground surface reflections and absorption that tends
to decrease the noise levels observed below what one would expect
on the basls of free field estimates. It is also intuitively clear
that intervenirg hills, buildings, etc., will have a decided impact
on the propagation of sound.
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The Alr Force data rile prcvides ncise curves for both air-to-ground
and ground-to-ground propagation and the computer program automati-
cally chooses the appropriate curve (and necessary transition ad-
Justments) based upon consideration of the angle of the aircraft
above the horizon as seen at the ground observer location.

NOISE CONTROL MEASURES

Noise Control measures are always concerned with a modification of
the source, a modification of the path between source and receiver,
or a modification of the receiver. Noise control at the source,
although the most desirable method, 1s often not achievable. We

have seen earlier how the use of high bypass turbofans can result

in a reduction of the jet noise on takeoff. Certain modifications,
such as lining engine nacelles with acoustically absorptive material,
will make often a significant reduction 1in the noise produced at
landing power. Ccmpressor whine and other engline related nolse can
be reduced in this fashion. Research continues in engine design,

but the development of guleter englnes 1s a slow and arduous task.
Often a great advancement in technology is required before a physical
principle can be applled in a safe and reliable production engilne.

Modification of the path from source to receiver would involve the
use of barriers, natural or artificial, to interrupt the line of
sight between alrcraft and observer. Such shilelding i1s practically
restricted to locations close to airfielids which are exposed to
noise from ground operations. Sometimes a community 1s effectlvely
shielded from an airport by hills, but many artificial barriers have
limited effectiveness. The shielding barrier must be long and tall
compared to the source, it must be located close to the nolse source,
and its geometry must be carefully chosen. A barrier must interrupt
the "acoustic line of sight"; a single row of trees that may inter-
rupt the line of sight Is accustically worthless. A large area of
densely planted tall trees 1s required before such vegetation has

any acoustic effect.

The most important path modiflication to consider in most airport
situations is the noise attenuatlon provided by a bullding housing

the opserver. Most structures provide a moderate degree of noilse
attenuation, and i1t 1is possible, although often not practical nor
econcmically feasible, to provide a very high degree of nolse attenua-
tiocn 1n a structure. And, of course, regquiring people to alter thelr
lifestyle to spend a larger portion of their life indoors may not be

a socially acceptable solution. Sectlon V provides more information
on the potentials and limitatlons of bullding noise attenuatlon as

a nolse control tcol.

The contrcl of noise as discussed above 1s concerned with decreasing
the noise from a single event. Nolse impact as deflned by an envi-
ronmental descriptor such as the NEF can also be reduced 1in other

PEST AVAILABLE COPY
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ways: reducing the number of noise intrusions, reducing the dura-
tion of the nolse intrusions, or by transferring some or all of

the nighttime activity to the daytime hours. This aspect is further
discussed in Section VI.
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SECTION III

DESCRIPTION OF NEF PROCEDURES

The nolse exposure forecast (NEF) was introduced in Section II as
an environmental descriptor of aircraft nolse. As such 1t takes
into account not only the annoyance due to the individual noise
event, but the contribution from the multiple noise events occur-
ring during a 24-hour period.

The basic single event descriptor for the NEF is the effective per-
ceived noise level (EPNL). As described in Section II the EPNL
contains all the refinements that are considered necessary in asses-

sing one's subjective reaction to an individual aircraft noise
event:

* the noitsiness of the signal noise spectrum
« a correction for the pressure of audible pure tones
+ an adjustment for the duration of the event

To get from this basic EPNL information to the NEF, several steps
are necessary. Conceptually, one must provide:

* a means for accounting for the cnmulative effect of many
operations by differing types of nolise sources

+ a welghting factor to account for the variation in com-
munity response to aircraft noise depending on the time
of day

- a weighting factor to account for the increased sensiti-
vity in residential areas to noise from ground runup
operations in contrast to flight operations.

Then, to have a useful description, one must relate the NEF values
to the expected impact of noise on people, on communities ana on
land areas.

Finally, toc proceed from corcepts to a working tool, one must ac-
quire a data base of alircraft nolse and performance Information,
and develop a means for caonputing and displaying tl.e NEF contours
(or nunbers).

BASIC HEF EQUATIONS

In the discussion of Section II it was mentioned that the human
auditory perception behaves more or less logarithmically, result-
ing in the decibel scale. This same behavior i: also applicable
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to the frequency of occurrence noise events. Thus, in the NEF
procedure, the same dependence is used as for the decibel scale,
namely ten times the logarithm to the base 10 of the number of
operations. Thus, a doubling in the number of like noise intru-
slons results in an increase cf 3 dB in the NEF value.

The twenty-four hour day is broken into day (0701-2200) and night
(2201-0700) periods, ard a penalty assigned for night operations.
This nighttime adjustment 1s chosen so that for the same number
of operations per hour the nighttime contribution is 10 dB higher
than during the day*. The resulting expression for noise events
of the same magnitude is:

NEF = EPNL + 10 1og10 (ND + 16.67 NN) - 88 (1)
where:
ND = number of day events
NN = number of night events

The "constant" of -88 appearing in Equation (1) arises from two
considerations:

* it is desirable that the NEF value be distinctly dif-
ferent in magnitude from the EPNL so that there would
be little likelihood in confusing effective perceived
nolse levels with NEF values.

+ it is desirable that a "zero" or very small NEF value
indicate noise exposure that would have no impact on
even the most sensitive land uses or activitiles,

Equation (1) ylelds the NEF for a specified uniform set of opera-
tioiis == ground runups or a specific type of engine at one power
setting and duration at a given location, flight operations of one
class of aircraft along one flight path, etc. The total NEF at
a given ground position is determined by the summation of all the
HEF contributors on an "energy" basis. Formally, then:
c NEF

NEF = 10 lOglO z antilog —1—0—' (2)
Sumnming over all nolse events that contribute to the noise envircon-
ment at the location.

Note that the summation of NEF values 1is exactly the same as the
addition of decibels, explained in Section II. Hence the rules
given in Figure 2 may also be used for adding NEF values. Figures
to be presented later in Section VI also may ald in estimating NEF
values, once EPNL values are determined.

¥This results in a multiplicative constant of 16.67 for nighttime
operations, as given in Equation 1, when one accounts for the
differing number of hours in the day and night periods.
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Figure 10 presents an example of NEF computations involving the
aircraft operations. Working through the example will convince
one of the desirability of computerizing the calculations where
NEF values are desired for an array of ground positions.

INPUT INFORMATION
Aircraft Data

To be effective as a tool, the data necessary to estimate noise
levels at any ground position must be assumed in a form for ready
access in caizulation. For flight operations, aircraft noise
information, obtained from controlled flight tests, 1s analyzed
to obtain EPNL versus distance curves for different takeoff and
landing thrust conditions. Figure 11 shows a typical set of EPNL
curves. The figure also shows the corresponding PNLT curves for:
the alrcraft. Note that the EPNL curves differ from the PNLT
curves since the EPNL curves reflect the signal duration, while
the PNLT curves do not.

The computer program allows for adjustments in the EPNL curves
for intermediate power settings, for variation in aircraft speed
(which would influence durations and duratlon adjustments for
curved flight paths.

Separate EPNL curves are provided to account for ground (or low-
angle) propagation. And, the program provides adjustments to
automatically account for aircraft acceleration during ground roll
during takeoff.

In order to predict the EPNL value at a given observer location

for a particular aircraft operation one must determine the relative
location of alrcraft and observer and compute the distance between
the aircraft and observer. One can define the aircraft motion in
terms of a flighttrack and an altitude profile. The flighttrack

is the projection onto the ground plane of the three dimensional
flight path of the aircraft. The altitude profile is the performance
characteristics of the aircraft in terms of altitude versus distance
from start of takeoff roll.

The altitude profile information for basic aircraft missions is
stored in the computer program for each major type of aircraft.
Speclal profiles, reflecting special missions, or particular base
air traffic restrictions may readily be entered, also.

Flighttrack information is entered by transferring track data from
maps showing flight paths. Alternatively, for departures, the com-
puter program will develop flight tracks from standard air traffic
departure instructions. To aid in this task, typical turn radii
are stored for each type of alrcraft.
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Consider a ground location, where information on flight tracks, i

number of operations and EPNL values for each aircraft type and i

flight track is known, as follows:

Alrcraft Flight Number of Number of
Type Track EPNL Day Operations Night Operations

| A 1 90 30 by 1
€ B 1 95 2 1
’ C 2 98 5 1

The steps below summarize the calculations for the first aircraft
listed above.

1. Find the effective number of operations by multiplying the
number of night operations by 16.67 and adding the product
to the number of day operations.

Number of night operations (4) 3

x 16.67 = 66.68
+ number of day operations 30.00
= weighted number of operations 96.

2. Determine the total adjustment for number of operations by
taking 10 times the logarithm of the effective number of
operations.

10 log 96.68 = 16.85

3. Add the EPNL value for the aircraft and flight track.
19.85 + 90 = 109.85 1

L, Subtract the constant, 88, to obtain the NEF contribution for
the aircraft.

109.85 - 88 = 21.85

Calculations for the three aircraft are summarized as:

Movements Weighted EPNL +
Aircraft EPNL Dav Night Number (N) 10 log N 10 log N-88
A 90 30 4 96.68 19.85 21.85
B 95 2 1 18.67 12.71 19.71
C 9¢ 5 1 21.67 13.36 23.36

Finally, the NEF contributions are added on an energy basis to cb-
tain the total NEF.

] NEF(total) = 10 log jantilox 2%6§2 + antlilog l%éll + antilog 2%639

= 10 log [153.1 + 93.5 + 216.8] = 10 log 463.4 = 26.7

e e .

(NOTE: Figure 2 could also be used to add the quantities)

FIGURE 10. EXAMPLE OF NEF CALCULATIONS FOR ONE GROUND
POSITION
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Engine Runups

Basic noise information for engine runups on ground (engine test
stands, line maintenance runs, etc.) is based upon noise measure- K
ments made at constant radius ezbout an engine, for several dif-
ferent engine power settings ranging from idle to full military or
afterburner. Curves are computed from the measured data at differ-
ent angles to give the variation of the tone-corrected perceived 1
nolse level (PNLT) with distance. Like the airborne data, air /
absorption for standard day conditions 1s assumed, plus additional i
attenuation representative of typical terrain effects. Sets of 1
these curves are stored in the computer, together with rules for
interpolation between curves, so that nolse levels may be predicted
for any angle and distance from the engine. ]

EPNL values are calculated from the INLT values and the duration
of the engine run of a particular power setting. Figure 19, dis-
cussed in Section VI, can be used to ectimate NTF values for run-
ups of a given duration and number of occurrences.

Alr Base Data i

Basic aircraft and engine data, as described above is called from
the computer storage as needed for a particular air base. Data
on the operatlions at an air base 1s acquired from the individual ]
bases, utilizing the detalled questionnaire forms and requests
given in Appendix A. The needed data includes detailed information
on flight track, departures and landing procedures, number of
operations, location of engine test runup stands, etc. It 1s vital
that this information be accurate and representative 1f accurate
NEF contocurs are to be drawn!

NEF CONTOUR EXAMPLE

Figures 12 presents an example of NEF contcurs for an air base.

The upper portion of the figure shows the NEF contours for only
ground runup operations (line maintenance and test stand operations,
etc.), while the lower portion shows the NEF contours for combined
air and ground operations. It is easily seen that, in this example,
the air operations are controlling 1ln most areas around the base. i

This air base has only a single runway, with takeoffs and landings
switched in direction depending upon the wind. Both IFR and VFR
practice landing patterns account for much of the complexity of
flight tracks and resulting nolse contours.
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FIGURE 12, AIR BASE NEF CONTOURS
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NEF CONTOUR ACCURACY

As in any prediction calculation, the accuracy of the NEF contour
is heavily dependent upon the accuracy of the input data, which,
as seen above, comes from a number of sources -- some data are

stored in the computer, other data come from the alr base question-
naires.

The stored data describes, basically, the aircraft nolse and per-
formance. Variability and error is introduced by the variability
in sound propagation due to changes in weather conditions, and the
variability in duplication of aircraft profiles. Weather, of
course, affects alrcraft performance as well as sound propagation.
In addition, there is variability in pilot techniques, and, of
course, variations in aircraft profiles and englne settings due

to aircraft weight differences. All of these factors are mani-
fested as vertical and horizontal dispersion in the flight paths.

NEF contours are typically based on the averages of operation over
a year period, although, where there are large seasonal variations
in operations, NEF contours can be developed for representative
seasons. In elther case, one averages over a period of time, and
operations on individual days may show quite large departures from
the average operations. Appendix B briefly reviews the impact of
such varilability in planning for noise monitoring to verify pre-
dicted noise levels.

The three largest sources of error in air base operational data
are, typically: flight track irformation, the relative number of
operations using specified flight paths or air tratfic procedures,
and the number and duration of ground runups.

Flight track infrrmation is likely to decrease in accuracy with
distance from the air base. Errors arise, again from variability

in pilot techniques, weather, aircraft weights, and lack of ground
confirmation of actual flignt paths flown. This last may be
remedied by direct observation by ground observers, or monitcring

of air traffic radars. Such monitoring will often disclose wide
variability in flight tracks among aircraft [lying the same missions.

Errors in estimating the relative usage of flight paths usually
arises from the lack of accurate records, since, in the past, there
was little or no need for such information. Records are kept, of
course, of total number of flight operations. Here, errors may
arise in averaging over an iasufficient, or non-representative,
time period.

Errors in estimating NEF values for ground engine runups often
arise from lack of records as to the number and duration of runups,
since these records have rarely been kept in detatil.

Because of the many factors affecting sound propagation over the

ground, the noise levels measured at large distances from engine
test stand, are likely to show larger variations than for the

4o
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aircraft-in-flight to ground case. Because of this variability
and the possible influence of local terrain features upcn noise
propagation, sizeabie errors in predicted noise levels at large
distances (over 10,000 feet) ecan occur.

The variables and possible sources of error are not a flaw 1n the
NEF procedures; any other environmental descriptor will be influ-
enced by the same factors. Because of the many sources of variabi-
lity, the accuracy of the NEF contours will typlcally be highest
near the runways, and will gradually decrease with distance from
the runway, or major flight paths.

When accurate data on aircraft performance, weather, and position
are avallable, one can expect to predict EPNL values, over reason-
able weather 1limits, to within a standard deviation of plus or
minus one to two dB up to slant distances of the order of 10,000
feet. Where the performance, position, and weather information is
only nominally known, the standard deviatlons increase to as much
as * 4 dB. Field measurement experience indicates that cumulative
noise exposure from a number of events seems to be predictable to
about one-half the variation in prediction of EPNL alone. Thus,
i1t 1is reasonable to assume that with rellable input data, one can
predict actual nolse exposure with a standard deviation of about

+ 2 units of NEF.
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SECTION IV
LAND USF. AND COMMUNITY RESPONSE INTERPRETATIONS

Much of the usefulness of the NEF contours lies in their interpreta-
tion in terms of effects on people. In this sectlon, interpreta-
tions are given 1in two contexts. First, NEF values are interpreted
in terms of impact on land uses. These guides are directed towards
aiding land planning and development within air bases and in com-
munity areas outside air base boundaries. Next, an interpretation
of NEF values is given in terms of expected community response.
This information 1s given as a gulde for assessing the probable
degree of response tc noise in community areas, or for assessing
the changes in community response resulting from & change in the
noise environment.

The input of aircraft noise may be characterized generally in terms
of several areas of interest:

l. Effects on people as individuals.
2. Effects on community actions and attitudes.

3. Impact on human activities (work and recreational)
and land uses.

The effects of nolse on people and people's activities are varied
and often extremely complex. Thus, in relating nolse exposure to
impact on people, information has been drawn from a large number of
experiments and observations. These include controlled laboratory
psychological and physiological tests, case history studies of
community reactions to aircraft noise, and both small and large
scale social surveys.

The effects of nolse may be grouped into three interrelated aspects:

1. Phystological effects, poth temporary (e.g., startle
reactions and temporary hearing threshold shifts),
and enduring (for example, permanent hearing damage
or the cumulative rhysiological effects of prolonged
sleep loss).

2. Behavioral effects involving interference with on-
going activities such as speech, learning, T.V. watch-
ing, sleep or the performance of work tasks.

3. Subjective effects described by such words as "annoy-
ance", "nuisance", "dissatisfaction", "disturbance"
which result as a result of behavioral and physiologi-
cal effects.
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Generally, the levels and durations of aircraft noise encountered
away from the immediate vicinity of runway and malntenance areas
are not severe enough to produce easily measurable long-term
physiological effects. For example, the noise levels produced by
aircraft flyovers at community positions even close to the runways
are not intense enough to cause permanent loss of hearing. Thus,
the last two categories of nolse effects -- behavioral and subjec-
tive -- provide the most usable guldes for establishing aircraft
noise criteria. Particularly useful information comes from studies
of the effects of noise on speech communication and sleep, informa-
tion gained from case history studies of community response and
social surveys in a variety of alrport community situations.

There is considerable variability in sensitivity among individuals.
There is also considerable variation in the social and economic
composition of different communities and in the interests of com-
munities in air base activities. Thus, the guldes given in this
section predict "typical responses" or attitudes quite well, but
will not necessarily predict accurately the behavior of any one
individual or the response of any given segment of a community.
Prediction accuracy could be improved by using detalled social and
economic information about a community, for example. However, such
detailed information is rarely available for planning purposes.

LAND USE INTERPRETATIONS

Figure 13 provides compatibility interpretations of NEF values for
major land use categories. The figure shows four nolse compatibi-
lity interpretations for each land use. These four compatibility
interpretations are deflned in terms of suitability for construction
as used ir. Department of Housing and Urban Development's "Noise
Assessment Guidelines".?® The four zones range from "clearly
acceptable"” to "clearly unacceptable”.

Figure 13 also gives a "noilse sensitivity code rating" which pro-
vides a gross ranking of the land use in terms of noise sensitivity.
The number 1 indicates the land uses most sensitive to noise and 5
the land uses that are least sensitive. The approximate relation-
ship between the nolse sensitivity code and the NEF level at which
new constructicn or development 1s not desirable 1s given below.

Approximate Noise Exposure Forecast

Noise Value Where New Construction or
Sensitivity Code Development 1s Not Desirable
3 30
2 35
3 40
Yy 45
5 50 to 55
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SLUCM' LAND USE INTERPRETATION FOR
LAND USE CATEGORY CODE |NSC NEF VALUE *
20 30 40 80
Residential-Single Family, 3 I
Duplex, Moblie Homes Ix
Residentiol-Multiple Family, Hx, 12, |
Dormitories , etc. 13, 19
Traonsient Lodging IS 2
School Classrooms,Libraries, | 68 |
Churches Tl
Hospitals,Nursing Homes 651 [
Audltoriums, Concert Halls, 721 |
Music Shells
Sports Arenas,Outdoor 722 [
Spectator Sports
Playgrounds,Neighborhood Porkﬁ 761, 762 |
Golf Courses, Riding Stables, |74ix,743x,| 2 NNNA
Water Rec,, éomoums ' 744' ' Q\&\/
Office Buildings, Personal, 6l, 62, 4 3
Business and Professional 63,69,6%5
Commerclal -Retail ,Movie 53,34, 3
Theaters, Restourants 56,5759
Commerclal-Wholesale,Some | 51,52,64, | 4
Retail, Ind., Mfg.,Util. 2,3,4
Manufacturing, Communication; 35,47 2
(Noise Sensitive)
Livestock Farming, Animal 813, 816, 3
Breeding 817
Agriculture(except Livestock), ! 81,82,83,| s
Mining, Fishing '84,85,91,93
Public Right-of-Way 48 .3
Extensive Natural Recreation | 91,92,93 N \ 7 2
Areas o8.780.75| Y

% DNL = NEF VALUE + 38

FIGURE 13-A. LAND USE COMPATIBILITY GUIDELINES FOR AIRCRAFT
NOISE ENVIRONMENTS
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CLEARLY NORMALLY NORMALLY CLEARLY
ACCEPTABLE  ACCEPTABLE UNACCEPTABLE UNACCEPTABLE

CLEARLY ACCEPTABLE:

The nolse exposure Is such that the activitles assocliated with the land use
may be carrled out with essentlally no interference from alrcraft nolse.
(Residential areas: both indoor and outdoor nolse environments are pleasant.)

NORMALLY ACCEPTABLE:

The nolse exposure Is great enough to be of some concern, but common
bullding constructions will make the indoor environment acceptable, even
for sleeping quarters.

(Rosldonﬂ:f areas: the outdoor environment will be reasonably pleasant for
recreation and play.)

NORMALLY UNACCEPTABLE:

The nolse exposure Is significantly more severe so that unusual and costly
bullding constructions are necessary to ensure adequate performance of
activities.

(Resldentlal areas: barriers must be erected between the site and prominent
nolse sources to make the outdoor environment tolerable.)

CLEARLY UNACCEPTABLE:

The nolse exposure at the site Is so severe that construction costs to make
the indoor environment acceptable for performance of actlvities would be
prohibitive.

(Residentlal areas: the outdoor environment would be intolerable for normal
residentlal use.)

VStandard Land Use Coding Manual (Ref. 4)
3 Nolse Sensitivity Code

3, represents SLUCM category broader or
narrower than, but generally inclusive of,
the category described

4Em:ludlng hospitals

FIGURE 13-8B. NOTES FOR LAND USE COMPATIBILITY GUIDELINES
! FOR AIRCRAFT NOISE ENVIRONMENTS
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The interpretations given in Figure 13 are based on considerations
of many different nolse sensitivity factors. These factors include:

1. Speech communication needs.

2. Subjective judgments of noilse acceptability and rela-
tive noisiness.

3. Need for freedom from noise intrusions.
lh, Sleep sensitivity criteria.

5. Case histories of noise complaint experience near
civil and military airports.

6. Typical noise insulation provided by common types of
building construction.

The land use guldes of Figure 13 are based upon the types of bulld-
ing construction that would normally be used where aircraft noise

is no concern. Added noise attenuation can be provided in structures,
often at moderate costs in new construction, but, typically, at
relatively high costs for modification of existing construction.

The capabllity to provide additional nolse attenuation instructions
provides great flexibility 1n locating office and industrial acti-
vities, but has quite limited usefulness as a means for relaxing
cgmpatibility requirements for residential construction (see Section
V).

Figure 13 indicates a range of NEF values for each compatibility
zone. When 1t 1s necessary to establish a land use boundary within
a zone, the following should be considered:

l. Previous community experience. Taking into considera-
tion known response or complaint history in previously
developed areas which are exposed to similar NEF values
may ald in selection of NEF descriptor boundaries with-
in the limits indicated in Figure 13.

2. Local building construction, particularly as influenced
by climate considerations. In northern portions of the
country, wall and roof constructions may be slightly
heavier and houses are likely to be more tightly con-
structed, thus reducing the extent of nolse leakage
paths. In addition, windows would typically be kept
closed for a larger portion of the year, and less use
would be made of outdoor areas. On this basis, one
might select a higher NEF value as the boundary for a
noise compatibility interpretation, rather than a lower
NEF value range that might be suitable for a warmer
climate.

3. Existing notse enviromment due to other urban or trans-
portation nolse sources. Fror NEF values greater than
about 30, the influence of other transportation or
urban noise sources 1s likely to be quite small. How-
ever, for NEF values less than 30, nolse due to other
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sources may temper the response or consideratlon of
restrictions on land use. For example, introduction
of aircraft noise in a rural or semirural area where
existing background noise levels are very low may
produce a much more apparent change in the noise
environment and more pronounced reactilons from resi-
dents than would alrcraft noise introduced in a
dense urban area long exposed to traffic noise.

Such considerations may make adjustments of the noise
compatibility interpretation boundaries appropriate
in specific local situations.

4, Time period of land use activities. Typically, NEF
contours are based upon considerations of both day
and night operations, with a weighting for night opera-
tions. This 1is particularly appropriate for resi-
dential land use considerations, but may lead to over-
estimation of NEF values for work activities or 1land
uses that are confined to daytime hours only.

COMMUNITY RESPONSE INTERPRETATIONS

The degree and, indeed, the kinds of community response to aircraft
noise are influenced by many community factors 1in addition to the
physical noise environment itself. Thus the guldes given in this
section to predicting community response are just that, guides,

not absolute predictors. Examples can be found of individual com-
munity actions that depart in either direction from the guides
given in this section.

rom recent studies it is known that a number of nonaccustic influ-
ences may effect an individual's response to noise. Some of the
influences include:

1. Fear of aircraft crashing irn the neighborhood.

2. Susceptibility to "wise in general.

3. Extent to which al-pcrt and alr transportation are
seen as impcrtant.

4, Belief in mislecsance by those able to do something
about the noise gprcblen.

5. Extent tc which other things are disliked in the en-
vironment and velief about the effect of noise on
general health,

Similarily in termc of communities, the degree of community response
wiil certainly be influenced by such factors as:

1. The degree of ecconcmic and social ties between the
community and the air base.

“—-—‘
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2. Feelings within the community as to the necessity of
the operations causing the noise intrusion.

3. Past history of results in handling other community/
alr base problems.

The following chart relates NEF values to antlcipated response in
residential communities. Three broad categorles of community re-
sponse are correlated with NEF values.

Chart for Estimating Response
of Residentlal Communities

Noise

Exposure Forecast Description of Expected Response

Less than 30 Essentially few complaints would
te expected. The noise may, how-
ever, interfere occasionally with
certain activities of the resi-
dents.

30 to 40 Individuals may complain, perhaps

vigorously. Concerted group
action 1is possible.

Greater than 40 Individual reactions would likely
include repeated, vigorous com-
plaints. Concerted group action
might be expected.

An additional guide in predicting the appropriate percent of people
likely to be annoyed, or to complain?, is given in Figure 14. This
shows the percent of highly annoyed as a function of the NEF value.
It is worth noting that this curve indicates that there would be
essentially no annoyance due to aircraft noise exposure for NEF
values of 22 or less. Alss, the Tigure indicates that a 10 J&
change in the nolse exposure would result in about a 20% change

in the percent of pecpls highly annoyed.

The interpretation given above and in Figure 14 can be used in two
different ways. First cf all, the guldes can be used as a predictor,
say, for an entirely new situation for which one has little informa-
tion about the community or response to previous exposure. This
application would arise irn vlanning for a new air base, or, perhaps,
a new community.

A second way to use the guides, with NEY information, is in assess-
ing possible response in a community to charges In nolse exposure.

In this application, one may use as a base line the already known
complaint history for the community, and use Fifure 14 to estimate
the expected change 1n community response. This provides a means

for obtaining a "calibration," based on existing community attitudes,
which should reflect exlisting community and alr tase relationships.
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SECTION V

NEF LAND PLANNING APPLICATIONS

This section outliines some of the direct applications of the NEF

to land use planning. The NEF procedures provide a tool to define
noise impact in a qualitative manner. However, effective land use
planning requires much effort, even when useful technical tools

are available. Major problems are encountered in terms of lack

of enabling legislation to accomplish effective planning over

large areas, lack of joint action by the multiple local Jurisdic-
tions impacted by operations from a single airport. Legal responsi-
bilities and liabilities are often i1ll-defined and, of course, the
economic costs may be formidable.

In the past, land use policies and planning if developed in detaill
at all was done largely at a local governmental level. The results
of such haphazard planning has long been obvious and has greatly
retarded rational air base planning and development. However, a
number of states have enacted or introduced legislation encouraging
or enforcing planning on a regional or area basis. It 1s probable
that federal legislation will soon be enacted that will encourage
or make mandatory regional planning to a much wider extent. The
concept of regional or area planning provides greater opportunities
for sensible land development around airports. It also greatly
increases the responsibilities of air base planners and need for
closer air base interaction with regional agencies.

Of course, noise is only one of the many environmental factors that
must be considered in land planning. In this respect, NEF contours
can be used with quantitative evaluations of other environmental
factors in arriving at the complex assessments needed for effective
planning.

MAPPING NOISE CONFLICT AREAS

Once NEF contours have been developed, various noise conflict areas
may te identified by overlay of nolse contours over sultable maps
drawn to a similar scale. Figure 15 shows the conceptual applica-
tion in geographic identification of noise conflict areas. 1In this
example, noise sensitivity zones are defined in terms of NEF values.
Overlay of the NEF contours provides direct identification of con-
flict areas.

From such mapping, one may quartify noise conflicts by identifying
the number or area of specific land uses that are nct compatible.
This should be done for sensitive land uses: residentidl areas,
schools, churches, libraries and public bulldings.

21
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Step 1: MAP NEF CONTOURS

Step 2: MAP NOISE SENSITIVITY
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Step 3: IDENTIFY CONFLICTS
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Quantization of residential noise conflict areas may be in terms
of gross areas, or preferable, in terms of number of housing units
or nunber of residents, with the choice determined, to a large
part, by the kind of land use 1nformation that 1s available for
the particular community.

For any but the smallest bases, initial identification of noise

conflict areas may be done by using C&GS 7% minute quadrangle maps ;

drawn to a scale of one inch to 2,000 ft. (1 = 24,000). -
]
k-

-Unfortunately, the C&GS maps are often out of date, hence recent
air base and community developments are frequently not shown.
Current population and land use information is obviously essential.
Local and regional planning agencies should be contacted for help
in obtaining up-to-date information.

In a similar manner, the NEF contours can be overlaid zoning maps,
population density maps, and surface transportation maps (present
and projected) to determine types and extent of conflicts.

The NEF contours may be used in conjunction with maps defining

other environmental factors, or with air space height restriction,
or accident zone maps. From comparison of such overlays, various
"Compatible Use Districts" may be defined®. Regardless of the
degree of detail to which comparisons can be carried out, the com-
parison of NEF contours with existing and projected noise sensitive
land uses 1s a basic step in defining noise conflicts in a quantita-
tive manner.

t
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LAND USE STRATEGIES

Strategies for achieving land use compatibility as a means of reduc-
ing noise conflicts always involve some degree of control or regula-
tion, direct of indirect, of land use. The economic costs, and the
legal, political and administrative difficulties in achieving the
necessary control of land use is a major limitation in the applica-
tion of such strategies. Despite these obvious problems, the var-
ious strategies available should be explored carefully for applica-
bility to each individual air base. Opportunities for applying
effective land use strategies frequently occur, particularly with
regard to land not already developed.

The major land use strategies include the following:

. Land use purchase or lease.

Land use easements.

Land use zoning and building code restrictions.
Land use reconversion or relocation.

. Encouragement of compatible development.
Subdivision regulation.

N U =W N
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' 7. Public service planning (transportation facilities,
: recreational areas, etc.).

The usefulness of these strategles 1s greatly dependent upon the ]
degree to which land 1is already developed. For undeveloped areas 3
the range of tools will be much wider and less costly to apply
than in already developed areas. From review of the above strat-
egles 1t will be apparent that most will require active and close
lialson with the local and regional agencies responsible for land
planning and development in areas around the airport.

4 The remainder of this section will discuss applications of NEF
: contours to land zoning and to establishing building noise insula-
tion requirements. Before discussing these applications, one must
] note that it is difficult to legally justify the drawing of boundary
3 lines or zones for application of particular policies for frequently 1
b changing aircraft operating procedures and widely variable flight ]
3 paths. Implementation of any land use strategy based on noise
] level contours will generally require standardization of flight
patterns and a policy of maintaining these patterns to maintain
near uniform noilse impact patterns over a period of time. Changes
in operations and in noise exposure will, and must, occur as
missions and weapons change, but frequent, erratic or sudden major
| changes in the noise environment (and resulting NEF contours) can :
drastically undermine land use strategies. Such problems arising ]
i from major changes in the noise environment increases the need for
f early assessment of the environment characteristics and noise impact
of new weapons systems (see Section VII for further discussion).

The needs for realistic assessments of the noise environment, and

to periodically check the validity of noise environment predictions
underlie the growing interest in airport noise monitoring systems.
Monitoring systems can be viewed as an aid to planning and opera-
tions, witih the monitoring information serving as a means of evaluat-
ing the combined eff :ct on the nolse environment of varied changes

in airport operations -- whether due to changes in missions, aircraft,
or flight procedures.

NOISE ZONING 1

Zoning is the placing of legal restrictions on permissible uses of
private property with the general intent of preventing conflicts
between land uses. Zoning has usually been exclusively a local
governmental responsibility with its legal foundation in the power
to regulate for the general health, safety, and welfare. In zoning,
one may set up a scale of uses and densities and allow uses lower
on the scale to take place in areas zoned higher on the scale. It
is primarily a preventative policy and has little value 1in already
developed areas. Zoning, as traditionally used, can provide three
functions:

s Ela b
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1. Preserve existing compatible land uses.
2. Prevent changes to compatible land uses.

3. Lead to compatible uses where no dominant use has
yet been established.

Zoning based on consideration of noise exposure is a relatively new
approach to land use compatibility thot has yet to be applied on a
wide scale. It has been propnsed primarily for civil airports and
for relatively undeveloped arcas, and has a particularly strong
potential in the development of any new airport or air base. Such
zoning, to be effective, must be adopted in near similar form by
all the zoning agenclies within the noise impact area. Leglslation
has recently been passed in several states to encourage or make
mandatory Jjoint planning and zoning actions to accommodate major
new airports.

A typical approach combines noise zoning and building nolse insula-
tion requirements to provide the needed flexibility in land use
controls. As an example, recent planning for a major new airport
defines five land use zones, with zone boundaries based upon pro-
jected NEF values®. Figure 16 lists major land uses, the NEF ranges
of each zone and the restrictions in usage.* For some uses, land
uses are permitted in a zone of greater nolse exposure providing the
builldings meet minimum noise insulation requirements, specified in
terms of a minimum reduction of outside aircraft noise levels (re-
ferred to as "noise level reduction" or NLR).

Bullding code amendments spell out the structural requirements.
These requirements can be achleved by adopting certain specific
materials and design features in the construction, or, to provide
more flexibility, other construction features may be adopted if the
plans can be certified by a professional acousticlan that the noise
level reduction requirements will be met. A test procedure is pro-
vided for use where building officials believe that field verifica-

tion of NLR values is needed.

The approach described clearly shows the ties between zoning and
the establishment of minimum building noise reduction requirements.
Without specifying minimum requirements on building noise insula-
tion, much more rigid, and restrictive, land use allocatlons would

be necessary.

BUILDING NOISE LEVEL REDUCTION REQUIREMENTS

Noise insulation can be a very useful tool for reducing noise impact
areas in non-residentlal areas and for work activities which largely

#The land use restrictions shown in Figure 16 have been developed
for a particular area -- more restrictive limits on some land uses

may better fit community needs elsewhere.
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take place indoors. And, as noted before, providing additional
noise insulation in areas of high noise exposure greatly increases
the flexibllity in land use over that provided by a rigid inter-
pretation of the land use :riteria given in Figure 13. The draw-
backs of added nolse insulation 1s that it requires extra planning
effort and results in additional construction costs. The degree

of noise insulation that can be provided has practical cost limita-
tions; generally, costs are considerably higher for modification

of existing construction than for new construction.

While residential construction can be designed to meet high noise
insulation requirements, the bulk of existing data indicates that
noise insulation should be applied cautiously as a strategy for
reducing nolse impacts in residential areas. Three considerations
warn against using improved nolse insulation as a justiflication for
relaxing aircraft noise -- land use compatibility interpretations
based on usual residential construction:

1. The unlikelihood that Iimproved noise insulation alone
can significantly reduce the subjectlive impact of
aircraft ncise in residential areas.

2. The high cost of modification.

3. Practical difficulties 1n achleving high values of
noise reduction with regular residential construction
procedures.

Thus the major applications of improved nolise insulatior. for improv-
ing compatibility with the noise environment should be to non-
residential land uses.

Special ncise insulation requirements have frequently been incor-
porated in bulldings located near airports. The technical principles,
the materials and the design requirements needed to produce buildings
of improved nolise insulation are well known.

b B YA
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wow, noise can be transmitted 1into a bullding either:

L. Directly, through openings such as c¢cracks around windcws
cr Jdoors, water pipes, conduits or ventilation ducts,
or other openings.

2. Indirectly, by the outdoor sound waves setting the
building surfaces Into vibration with ‘he surfaces
~hen re-radlating sound waves into the room. These
surfaces can ir.clude any room surface; windows, doors,
walls, roofs, even floors.

To ccntrol the noise levels Inside the room, both kinds of noise
paths -- direct cpening arnd rediation of sound from bullding sur-
faces -- rust te controlled. To achlieve effective nolse insulatlon,
the noise energy contributions from all paths must be reduced
significantly. Control cf one path and neglect of cthers will




typlcally result in inadequate noise insulation. One cannot com-
pensate for a major weakness in one path (such as a window) by
making other paths (walls and roofs, for example) better. Small
exterlor areas having poor noise insulation characteristics will
drastically reduce the effectiveness of the remaining exterior
surfaces.

Since noise insulation effectiveness 1s generally a function of
the weight of the materials, one must often use heavier materials
to replace lightweight ones -- thicker panes of glass, masonery
instead of frame construction, dense concrete versus lightwelght
block or wood for example.

The weakest transmission paths are usually the windows and doors,
hence these must be improved as the first step in obtaining improv-
ed noise insulation. Typically, windows must be improved by sub-
stituting heavier single panes, or even double panes, in frames

with efficient gasxeting to reduce leakage around the panes.

Heavier doors, or even double doors, with efficient weatherstripping
are also needed. With imprrved windows and doors, heavier walls

and roofs may be needed, as well as design attention to such things
as the noise transmitted through ventilation ducting or fireplaces,
for example.

And, since direct openlrgs to the exterior must be eliminated, me-
chanical air ventllation must be provided. For residential con-
struction in mcst parts of the country, thils means that an air
conditioning system must be included as one step in improving the
noise insulatilon.

Table I provides approximate nolse level reductlon values for some
typical building constructions. Values are shown as ranges. Usu-
ally, the higher values would be observed near approach or landing
paths or turbojet or turbofan aircraft. The lower values would be
obtserved for propeller alrcraft and for turbcjet and turbofan take-
offs.

Estimating the NLR Requlrements

The NEF contours, together with the compatibility guides of Figure
13 can be used to estimate the needed improvement in noise insula-
tion for a building when it 1s to be placed in an adverse, normally
noncompatible, noise environment. The detailed development of noise
insulation requirements and actual construction needs must be estab-
lished by more extensive englneering analyses.

The needed improvement in noise insulation can be estimated by tak-
ing the difference between the NEF value at the site, as interpolated
from the NEF contours, and the "design" NEF extracted from Figure 13.
The deslign value typically should be set by taklng a value midway
between the limits of the normally acceptable range. A more conserv-
ative "design" value might be chosen by taking the boundary between
the clearly acceptable and normally acceptable ranges.




TABLE I

TYPICAL BUILDING CONSTRUCTION SOUND
LEVEL REDUCTION VALUES

.a - e et S PVIRT E AR g

Type of Construction

Conventional lightwelght - windows open
Conventional lightweight - windows closed

Conventional lightweight - no windows, or 1/4"
glass windows sealed 1in place

1/8" glass windows, sealed in place
1/4" glass windows, sealed in place

Walls and roof - weighing 20 to 40 lbs/sq ft,
no windows

Walls and roof - weighing 40 to 80 1lbs/sq ft,
no windows

Heavy walls and roof - weighing over 80 1lbs/sq
ft, no windows

Noise Level
Reduction, dB*
156 - 20
25 - 30
30 - 35
20 - 25
25 - 30
35 - uo
Lo - 45
ks - 50

#In terms of the difference between maximum levels measured outside
and Inslide, expressed as elither A-levels or percelved noise levels.

The sound level reduction values apply, 1in general,

to nolse from

aircraft and noise from most surface vehicles (autos, trucks, and

motorcycles).
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As an example, suppose an office building is proposed for a site
where the NEF value is 45 dB. From Figure 13, the normally accept-
able NEF range 1s from 30 to 40 dB. Taking 35 dB as the "design"
value, there 1s a difference of 10 dB between site and "design"
values. Hence, the building NLR should be improved by 10 dB over
normal construction. Reference to Table I shows that for conven-
tional lightweight construction, with windows closed, a NLR of 25
to 30 dB may be achieved. Thus, an actual NLR of 35 to 40 dB is
needed.

Nolse Insulation Costs

Analysis of nolse insulation requirements, and actual field modifi-
cations of residential structures, show that improvements of up to
15 dB, to achieve total NLR values of 35 to 40 dB, are a practical
limit for residential or light commercial construction. Greater
nolse attenuation can be achleved by speclal constructions, but
costs rapidly increase,

To provide some indication of costs, Table II lists estimated costs
for 5, 10 and 15 dB improvements in bullding attenuation for four

types of buildings. Costs will, of course, vary with local building

practlices and costs. The Table II costs are for new construction;
modification to existing bulldings would be greater by percentages
ranging from 10 to 50 percent.
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TABLE II

APPROXIMATE COSTS FOR IMPROVED NOISE INSULATION
IN NEV CONSTRUCTION®

Improvement in NLR

Bullding Type 5 dB 10 dB 15 dB
Single-Family Residence $4,000 | $6,000 | $7,000
w (1500 sq. ft.)
Multi-Family Apartment 2,000 2,900 2,100
(900 sg. ft.)
g Motel Room 1,700 1,800 2,200
: (200 sq. ft.)
3
1 Office in Low-Rise Loo 800 1,100
3 Commerclial Building
: (150 sa. ft.)
% ¥Toyr modifieontion of existines construction, costs will usu-
% allv te appreciably higher, by order of 10 to 50 percent.
?,
¥
§
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SECTION VI

OPERATIONAL APPLICATIONS

The noise exposure forecast contours permit one vo quantify the
noise impact of changes in operations at an alr base. Comparison
of NEF contours before and after proposed changes in operations
provides a direct visual means of assessing changes in noise impact.
This 1s important because initial intuiltlve evaluations of proposed
operation changes are often misleading.

For example, it may be relatively easy to visualize the changes in
the noise contours (PNL or PNLT) for a possible change in aircraft
operations. However, it is often very difficult to evaluate the
overall effect of that change taking into account the noise impact
of the remaining, unchanged air activity. The NEF procedures allow
one to assess the combined effect; if desired, separate NEF contours
can be developed for various classes of aircraft operations. By

overlaying sets of contours, the relative contribution to the total
noise impact may be directly evaluated.

The kinds of operationa’ applications that can be evaluated by NEF
procedures include:

1. Changes 1n volume and time of day of operations.
2. Changes in aircraft tracks and aircraft profiles.

3. Operational changes which may ir.volve only a limited
number of aircraft.

4., Determining relative contribution of ground runup
and flight operations.

5. Changes in ground runup locations and engine or
alrcraft orientation at runup pads.

VOLUME OF OPERATIONS AND TIME OF OPERATIONS

In evaluating the impact of operational changes, one must keep in
mind both the noise patterns of individual aircraft operations and
the resultant impact from multiple operations, as evaluated by NEF's.
It is important to recall that the NEF is dependent upon the notse
levels produced by the different aircraft, the number of operations
of each type of aircraft, ard the time of day of the operations.

To help visualize the tradeoff between the number of operations,
noise level, and time of day, Figure 17 provides a graph for esti-
mating the NEF value as a function of the number of operations per

63  Preceding page blank

e e s e

i s Kmmiad it and 5ok bl

_




50
45
«
)
=)
S w
™
wi
£
E g
8 3
L
<
S
; % 0
L 2
] ]
p 4
25 * FOR FLYBY NOISE
OF 100 EPNdB
4
20
F 10 20 40 60 80 100 200 400 600
- Total Number of Takeoffs or Landings per
24 Hour Perlod

' FIGURE 17. CHART FOR ESTIMATING NEF VALUES FOR FLIGHT
OPERATIONS

64

—

L paanin

ki

A e . e Sl i

ataiden

i k1 il




s e e et

2l-nour day for a noise level of 100 EPNdB. Sets of curves are
g%ven for percentages of night operations varying from 0 to 25%
of the total daily operations. The chart shows that for a fixed
total number of daily operations, varying the percent of night
operations from 0 to 25% increases the NEF value by approximately
7 dB. The chart also permits one to estimate the effect of the
number of operations as well. Note that a change in number of
operations from 10 to 20 results in the samc change in NEF values
(3 dB) as a change in operations from 10C to 200 per day.

Figure 17 may easily be used for noise levels other than 100 EPNAdB
by subtracting 100 from the noise level of concern, and adding this
diff'erence to the NEF value read from the chart.

Note that Figure 17 assumes all noise events are the same level.
Where noise events are of different magnitude, Figure 17 should be
used for each set of nolse events of the same level, and the result-
ing "partial™ NEF values added on an "energy" basis as previously
explained (see Figure 8 for example). _

GROUND RUNUP OPERATIONS

NEF contours for an air base include the combined effects of both . .
airborne and ground runup operations (test stands, maintenance '
lines, etc.). If desired, separate NEF contours can be developed

for only ground runup operations as shown in Figure 12.

Figure 18 may be of aid in evaluating the noise effects of changes

in runup operations. This figure shows the NEF value for a perceived
noise level of 100 dB produced by an engilne runup as a function of
the number of runups per day or per nlight period and the average
duration of each runup. In the flgure, the NEF for day operations

is read directly. For nighttime runups, one must add 12.2 to the
value obtained directly from the chart. This allows one to easily

coumpare the relative impact of night and day operations. The total
coins exposure forecast value may easlly be obtained by adding (on
«. ¢1ergy basis) the two NEF values, the daytime and nighttime NEF

vLaiaws, by using tiie chart from Figure 2.

¥izure 18 reflects the fact that, in comparison to the equivalent
nuise exposure of a flight cperation (taking into account maximum
level and duration), the NEF contribution of a ground runup has an
additional 10 dB weighting. This.welghting stems from past case
history experience at a number of alrports where 1t was found that
community acceptance of nolse from known maintenance runups was much
lower {nr a given noise exposure than for flyovers. Thus for an
equal degree of community response, the case studies show that nolse
exposure from maintenance operations should be substantlally lower
than from {light operations.¥

¥This "penalty” for ground runup operations was also accounted for
in the composite noise rating (CNR) procedures. In fact, in the
CNR procedures, a greater penalty (approximately 15 dB) was placed
on ground runup operations.
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Nolse Exposure Forecast (NEF) Value *

* FOR DAYTIME RUNUP OF

100 PNdB
(FOR NIGHTTIME RUNUP,
ADD 12.2 dB)
g | ]
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Total Number of Simllar Engine Runups per Daytime i
(or Night) Period 1

FIGURE 18. CHART FOR ESTIMATING MNEF VALUES FOR ENGINE
RUNUPS
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For planning purposes, particularly where changes 1in existing

ground runup locations are under consideration, the noise contours
produced by single englne aircraft runups (similar to those shown

in the lower portion of Figure 8) may be very helpful. Thus, both
the PNLT noise contours and the NEF contours may be useful in studiles
to minimize noise exposure due to ground operations.

ENGINE NOISE SUPPRESSORS

Air bases may employ one or more types of noise suppressors to re-
duce the noise due to engine runups. The suppressors may vary great-
ly in effectiveness, varying from the totally enclosed test cell

with acoustically lined intakes and exhausts, to the metal blast
deflectors which are sometimes erroneously called suppressors.,
Intermediate between these are various types of noise suppressors
which may provide some significant nolse attenuation. To illustrate
various degrees of noise suppressor effectiveness, Figure 19 shows
PNL contours around an engine for three cases:

1. Open engine runup.

2. A deflector, which deflects the exhaust upwards, with
little or no reduction in acoustic energy.

3. Enclosed engine in test cell with effective attenua-
tion of intake and exhaust.,

Note that the deflector may change the directional pattern, with re-
ductions of noise in some directions and increases in others. With
the test cell (lower portion of Figure 19) providing a net attenua-
tion of about 20 dB, the resulting nolse radiation pattern is nearly
circular.

The NEF procedures will accommodate nolse suppressor information.
Thus, as noise suppressor data from field noise measurements becomes
available, the NEF computer program will store and supply suppressor
nolse characteristics as needed.

FLIGHT PATH CHANGES

Flight path changes may involve changes in flight tracks over ground
and/or changes in takeoff or descent proflles. For either type of
change, the NEF contours provide a graphical means of evaluating

the overall effect of such changes. PNL contours for individual air-
craft operations will also be helpful.

To aid in reducing noise impact in adjacent community areas, such
operational considerations as offset landing paths, variation in
flight. paths for IFR and VFR operations, and the introduction of
alterrate headings for departure aircraft can be studied. The pos-
sible benefits or drawbacks of altitude restrictions, or changes in
landing pattern altitudes may also be investigated.

o7
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FIGURE 19, ENGINE RUNUP NOISE CONTOUR - WITH
AND WITHOUT NOISE SUPPRESSOR
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Nolse abatement takeoffs, which typically imply a thrust reduction
at some point along the takeoff path, may also be evaluated by the
NEF procedures. Figure 20, shows in ideallized form, a typical noise
abatement takeoff. For some mlilitary alrcraft the thrust cutback
could be from afterburner to military or climb power at the edge

of the airfield or before a sensitive community area.

As indicated by the PNL contour on the lower portion of the figure,
at some point beyond the power cutback point, the beneflts of a
thrust reduction (as compared to the prior no-cutback procedure)
may be offset by the lower altitude resulting from the power cut-
back position. The degree of noilse benefits, as well as belng tied
initimately to the particular aircraft performance and ncise char-
acteristics, will also vary widely with ground location.

In an actual field situation, some aircraft will not be able to
institute a power cutback, because of basic performance or mission
constraints. Others may be able to cutback thrust in varying amounts.
The NEF procedures allow these individual profile characteristics to
be taken into account, and the resultant overall effect evaluated.
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FIGURE 20. SIMPLIFIED NOISE ABATEMENT - TAKEOFF
PROFILE AND NOISE CONTOUR

70




SECTION VII

AIRCRAFT DESIGN IMPLICATIONS

Aircraft noise has a number of implications on basic aircraft design
and on military weapon system costs that have not been fully recog-
nized.

The effects of alrcraft nolse on the aircraft itself, in terms of
structural integrity and service life are well recognized and deserv-
edly receive much attention during the aircraft design and testing
stages. The needs for control of nolse levels at crew positions and
to consider the noise environment for maintenance personnel have also
been recognized and are considered, in varying degrees, during the
weapon system design. However, the influence of aircraft noise on
communities and air bases has generally received little recognition
in system design. This section seeks to point out some of the more
direct implications of community noise and outline some of the tech-
nical evaluations that should be conducted.

In addition to any effect on the aircraft itself, an increase in
aircraft noise, compared to the predecessor system, can lead to:

» lessened flexibility in stationing aircraft among air bases
* increased need for air base land acquisition

*+ needs fcr improved ground sound suppressor systems for handl-
ing ground maintenance operations

+ degradatiun in air base/community relationshlps at individual
air bases

Conversely, a quieter system will yield benefits in terms of increased
flexibility in stationing aircraft and a reduction in need for attend-
ant base expenditures to handle the aircraft system.

The impacts and costs can be quantified by comparing the noise char-
acteristics of proposed systems with previous and existing weapons
systems. In these ccmparisons, sets of NEF contours reflecting opera-
tions ol projezted and precedessor aircraft systems provide a basic
planning toocl. Such studies can be done for specific air bases, or
for a generalized "model" air base.

It is important to identify, as early in the design stages as possible,
any significant change in the noise characteristics of new alrcraft.

If major changes appear likely, design tradeoff studies should be
undertaken. In some cases, potentlial weight cor performance pernalties
for lower noise ou:zput engines, may be more th&n offset by the greater
operating flexibility, reduced base operating costs, as well as pos-
sitle benefits in the aircraft design and test programs,
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In these early system design studies, noise comparisons of the type
indicated in Figure 21 should be made.

1. The relative nolse output should be compared, as shown

in Figure 21 in terms of nolse level versus distance
characteristics.

2. Noise contours should be compared as shown in the lower
portion of Filgure 21. These contours reflect aircraft
performance as well as nolse output.

In the example shown, the increased noise output and better takeoff

performance of system A is reflected 1n a broader but shorter noise
"footprint."

Tradeoffs 1n operational procedures could be initially considered,
even at an early stage in design. For example, could the aircraft
takeoff on some training missions at partial afterburner, rather

than full afterburner? Would the resulting reduction in engine noise
output offset the decreased climb gradient?

Irrespective of the depth of design studies involving noise consid-
erations, early definition of the far field noise characteristics

of new weapon systems should be made, with nolse infecirmation fed
promptly to the alr base planners, so that changes in nolse exposure
at individual air bases can be anticipated and integrated into the
air base planning (see Section V).

Often, in the past, the noilse information presented in "Environmental
Statements" for new systems has been incomplete and vague. Although

this lack of information may be necessary in early deslgn stages,

the noise information should be updated periodically during the sys-

tem development as more detalled and accurate noise and performance
data 1s obtained.
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The Alr Force community nolse exposure procedures are documented
in a serles of technical reports, as follows:

* Air Force Report AMRL-TR-~73-106, "Community Noise Exposure
Resulting from Aircraft Operations: Technical Review."

* Alr Force Report AMRL-TR-73-107, "Community Nolse Exposure
Resulting .rom Aircraft Operations: Acquisitlon and Analy-
sis of Aircraft Nolse and Performance Data."

« Air Force Report AMRL-TR-73-108, "Community Noise Exposure
Resulting from Alrcraft Operations: Computer Program Opera-
tor's Manual."

+ Air Force Report AMRL-TR-73-109, "Community Noise Exposure
Resulting from Aircraft Operations: Computer Program De-
scription.”

+ Alr Force Report AMRL-TR-73-110, "Community Noise Exposure
Resulting from Aircraft Operations: Acoustic Data on Mili-
tary Aircraft."

A number of recent reports present a wealth of informatlon on com-
munity and transportation noise. Among the more useful documents
ard reports are:

* U.S. Department of Housing and Urban Development, "Noise
Abatement and Control: Departmental Policy, Implementation
Responsibilities, and Standards." HUD Circular 1390.2.
Establlishes nolse standards and implementatlion procedures
in HUD programs.

* T. J. Schultz and N. M. McMahon, "Noise Assessment Guide-
lines." Washington, U.S. Department of Housing and Urban
Development, 1971. 20 p. (USGPO $0.70) (PB 210 £590).
Implementation guildelires for HUD circular 1390.2. Guldes
tu deflining site expcsure to noise from a variety of noise
sources.

. J. Schultz, "Technicael Background for Noise Abatement
in HUD's Operating Programs," BBN Report 2005R, prepared
for HUD. liovember 1971. (7B 210 591) (USGPO $2.00). Re-
views means for describing and measuring community nolse
and for relating noise to human reactions. The report
compares different community nolse measures and results
{rom laboratory and social surveys, and provides a compre-
hensive background for understanding HUD's new aiultement
pclicy. The repcrt also provides extensive references to
the technical literature,
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Nolse considerations for community plannlag in
ports 1s discussed in the following:

« U.S. Environmental Protection Agency, "Report to the Presi-
dent and Congress on Noise." December 1971. (PB 206 716).
A comprehensive overview of effects of nolse and their rela-
tive environmental impact, and outlines means and potential
for controlling noise in the future. Exlsting legislation
and regulation of nolse in this country and abroad are sum-
marized, The referenced Technical Information Documents
used as a basis for preparing the report provide extensive
information and references in particular study areas.

H. E. VonGierke, Chairman, "Impact Characterization of Noise
Including Implications of Identifylng and Achleving Levels
of Cumulative Nolse Exposure," EPA Aircraft/Airport Noise
Study Report, July 1973 (NTID 73.4). Reviews methods of
characterizing nolse exposure around airports, reviews
speech communication and annoyance effects of nolse, and

establishes the basls for the day/night average level as a
recommended measure of nolse exposure.

U.S. Environmental Protection Agency, "Information on Levels
of Environmental Nolse Requisite to Protect Publlic Health

and Welfare with an Adequate Margin of Safety," March 1974
(550/9-74-004). 1Identifies levels of nolse exposure, in terms
of the equivalent A-level over appropriate daily time periods,
to protect against activity interference and hearing loss.

the vicinity of air-

* R. D. Beland, et al, "Alrcraft Noise Impact -- Planning

Guidelines for Local Agencles," prepared for HUD, November
1972 (USGPO 2300-00214, $3.85).

Examples of the applications of NEF procedures to alrport tradeoff

studles are contained in the following:

- D. E. Bishop, R. D. Horonjeff, "Noise Exposure Forecast

Contours for Alrport Nolse Tradeoff Studies at Three Major
Airports," FAA Report FAA-NO-70-7, July 1970. Describes
changes 1n NEF contours for varlous assumptions about noise
abatement takeoffs and retrofit of civil aircraft as applied
to operations at O'Hare International Airport, Chicago;

John F. Kennedy Alrport, New York; and Los Angeles Inter-
national Airport, California.

W. J. Galloway, et al, "Alrcraft Nolse Analyses for the
Existing Air Carrier System," prepared for the Aviation
Advisory Commission, September 1972 (NTIS). Evaluates
courses of actlon and costs to alleviate nolse exposure

in the vicinity of airports, taking into consideration re-
duction of aircraft nolse at the source, use of various
aircraft operational procedures, and various means of

achieving noise compatible land use. NEF contours are
used to descrlbe nolse exposure.
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APPENDIX A

INFORMATION REQUIREMENTS FOR AIR BASE NOISE ANALYSES

INTRODUCTION

The USAF, as part of its continuing monitoring of the environmental
effects of its operations, has developed an improved methodology
for assessing the noise produced on the ground from aircraft flight
and ground operations. To use these techniques, accurate informa-
tion concerning the operations at each alr base is needed. This
document describes the specific information required and the stand-
ard forms to be used for reporting the information.

REPORTING REQUIREMENTS

The information required consists of alr base layout descriptions,
operational procedures, flight data, and ground runup information.

Forms are supplled to report the necessary data in a standard format
as follows:

(oA W ) B = VAN S T
*® e e

-
.
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o]
Je

Schedule of Restrilctions and Limitations
Runway Utilization Schedule

Takeoff Schedule

Departure Procedure

Special Misslon Description

Larding Schedule

T&3/FMLP Worksheet®

Runup Pad Utiliza<ion

Aircraft/Engine Test lchedule

In additviorn te these forms, an accurate map of the area aroung the
alr base nust be suppllied. Thic map should be approximately centered
arcund the base and cover the urea within an eight mile radius from
the pace. Experlence has shown that Coast and Geodetic Survey (G&GS)
topograrhical maps at a scale ¢f 1 : 24,000 (1" = 2000') are 1ideally
sulted for <his purvose.¥** To obtaln coverage of a sufficlently large

* Worksheet for touch-and-go (1%G) operations and, for lavy or Marine
aircraft, fleld mirror landing practice (FYLF) cperations.

*%¥5ee sectlion on U.S3. CGeological Survey marps, page A-10,
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area 1t 1s usually necessary to splice a number of contiguous quad-
rangle sheets together with transparent tape. If C&GS maps are not
avallable, other equivalent maps may be used. The map scale of suc
maps should be clearly marked on the map.

FLIGHT OPERATIONS
Calculating Volume of Operations Data

Flight operations are considered to take place during either the
day (0701-2200 hours) or the night (2201-0700 hours). The number
of daytime and the number of nighttime operations must be determine

for each alrcraft type. This number must be further broken down by
flight path.

The flight path 1s the trajectory of an aircraft in space. The pro-

Jection on the ground of the flight path is called the ground track
Many aircraft may follow the same ground track, but climb at 4if-

ferent rates, therefore, it is meanlngful to describe the operatlons

in terms of a ground track and a set of aircraft/mission codes.
For use 1in thils context a mission constitutes a given set of opera-
tional parameters for an ailrcraft.

A 1li1st of the typical missions for the common alrcraft in the USAF
fleet 1s supplied to assist you in relating base operations to the
standard missions. The numbers of aircraft of a given type flying
closest to the missions provided should be calculated. If an alr-
craft is not listed or if none of the listed missions adequately
describes the missions actually flown from the base, such missions
should be described on the 3pecial Mission Descripticn form. Minor
differences in power management or gross welght can be ignored when
assigning misslon numbers to aircraft types.

The 1ist of alrcraft/mission combinations will, in general, only
list one entry for the aircraft type (e.g., F-i). In filling out
the forms for a base the actual version of the aircraft should,
however, be included s¢ that when F-4D and F-4f aircreft both
operate from the base they should be listed separatelyr.

First oune must determine the average number of toval operations, by
aircraft type, during the day and night periods. This information
is generally available from opera“ional records., Irn defining thoe
"average" day, the base operations should be examlie. o1 at Zeast
cne month to evaluate weekday versus weekend !lyin- acsivity. It
weekday activity totals more than twice the weexend z20-ivity, the
average should be taken over week days only.

Monthly total operations should be examined over a yeourly pericd t
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determine if therc¢ are significant rluctuations from month to month.

The operations during the three month period containing the hipghest
activity of the year should be averaged tc¢ determine the "average
month" for noise computations unless 1t 1s clearly evident thut




separate nolse exposure computations are desirable for active and
inactive periods. If the most active month has less than twice
the operations of the least active month, then separate noise
computations are not warranted.

Having obtained the volume of operations on the typically busy day,
one must now determine the number of operations on each runway.

For each runway one must know the percentage utilization. This
information may be avallable from operational data or may be esti-
mated from climatological data on wind speed and direction. When
the utilization percentages of the runways are multiplied by the
number of aircraft of each type operating on the typilcally busy day,
one arrives at the average number of aircraft which operate on a
given runway.

The next step is to determine the number of aircraft of each type
which follow a given ground track. Occasionally actual counts are
avallable, but in any event operations personnel can supply an
estimate of the relative utilization of the different flight tracks.
The relative utilization of a given flight track for a given air-
craft multiplied by the average number of alrcraft of that type
using that runway gives the actual number of operations over the
given ground track. These numbers, by aircraft type, and by period
of day are required on the standard forms supplied.

At many installations there are flight restrictions in effect. These
would include, but are not limited to, altitude restrictions, noise
abatement procedures, etc. If any restrictions are applicable, they
should be listed on the Schedule of Restrictions and Limitations.

One should also include the power management consequences of the
restrictions, such as whether aircraft maintain speed and cutback
power, or maintain power and accelerate, etc.

At some installations intersection takeoffs are made by certain types
of alrcraft. These operations should be included in the utilization
percentages for the applicable runways. Touch-and-go and FMLP flights
should not be included in the utilization percentages, since those

are analyzed separately, and have their own special forms.

Reporting Air Base Layout

In addition to an accurate map of the area within an elght mile
radius from the base (C&GS), it is advisable to have a copy of the
base master plan avallable for reference. If possible, a copy should
be submitted with the other materials.

The location and length of all active runways should be carefully
compared to the base master plan to insure an accurate and current
representaticn. This is necessary since in many instances the

C&GS maps are not current enough to show the correct runway config-
uration. For each runway indica*e the usable takecff length by 2
solid line directly on the map. D¢ NOT Include blast pads, overrun
areas, etc.
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For each active runway complete a Runway Utilization Schedule.

Write 1n the spaces provided above and below the 1llustration the
number of the runway, and complete the sentences with the percentage
utilization obtained as discussed above. Exclude T&G and FMLP
operations to arrive at the percentages. If the percentages vary
with different type of aircraft, then the expanded schedule on the
lower half of the page should be used to record the percentages,
leaving the last two columns blank.

In elther event the available runway landing length (from master
plan or approach plates) for each side of the runway should be pro-
vided as well as the total length (corresponding to the solid line
on the C&GS map).

Intersection takeoffs should be included in the percentages. In
addition, one should state the number of takeoffs for a glven air-
craft that are intersection takeoffs. If, for example, all T-28
aircraft use an intersection takeoff from taxiway "F" then the per-
centage to be indicated in the percentage column of the expanded
schedule is 100; if two-thirds of the takeoffs of T-28 aircraft on

a given runway follow an intersection takeoff, the percentage listed
in the expanded schedule should be 67, etc.

Flight Paths

Each takeoff procedure and each landing procedure that is in use

at the base must be reported. The landing operations are reported
on the "Landing Schedule" form, but takeoff operations may be re-
ported on elther the "Takeoff Schedule" or "Departure Procedure"
form, depending on which is the most appropriate. Touch-and-go and
Mirror Landing Practice operations are reported on a special FMLP/
T&G worksheet. Each of these forms reports cne and only one ground
track, although there is no limit to how many different aircraft/
mission combinations follow thls ground track.

Each of the ground tracks should be indicated cn the C&GS map.

Draw the tracks on an overlay rather than on the map itself. If

the flight paths form a complex pattern on the ground, make serparate
overlays, each one corresponding to one type of oreration. In any
event the FMLP/T&G operations should be drawn on a different over-
lay from the other operations.

It is necessary to identify each ground track by a unique code to
establish a cross reference between each ground track and the fllled
out forms. The ground tracks emanating from a runway are labeled

by a letter starting with "a." 38ince this does not maxe the ground
track label unique it 1s preceded by the runway numter and a slash.
To distingulsh landings from takeoffs the letter "L" or "T" 1is used
after the slash. A taxeoff from runway 35 would then be coded, for
example, 35/Ta, while a landing might be 35/La.
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! Takeoff Schedule

The Takeoff Schedule 1s used to 1list a glven ground track directly
] in terms of line segments and circle arcs. This description should
g be listed on the Takeoff Schedule form, and the corresponding track
F drawn on the overlay. The first entry shonld be a stiralght section
] and should start from the point of brake release. Describe the rest
of the track In terms of turns of fixed radius and straight line
sections. If the turn flown by the aircraft is not a constant
radlus, one may approximate such a turn by two or three constant
radius sections each with a different radius. The straight line
section ("Proceed ___ ft") between two such curved segments must
then be set equal to zero. Dc not leave the entry blank! Draw

the corresponding tracx on the C&GS map overlay and ldentify 1t
with the same code as used on the Takeoff schedule for this ground
track.

| Write the number of operations in the boxes provided. Include the

! numoer of operations for each aircraft type on each mission which
follow this ground track. These are the numbers obtained as explain-
ed above [from volume of operations and utllizatlion data. Complete

1 | last column only for those aircraft making intersection takeoffs.

] ; Departure Procedures

Often, takeoff ground tracks may vary with the performance of the
different types of aircraft. An example would be "climb to 4000 feet
then proceed direct to XYZ VOR." 1In these cases it 1s simpler to use

i the Departure Procedure instead of the Takeoff Schedule, since a

i separate ground track would result from each type of aircraf‘, and

l therefore also a separate Takeoff Schedule. When departure procedures

i are defined in terms of an IFR clearance, these may be used directly.
Such clearances can he listed on the "Departure Procedure" form.

An acceptatle definition, for example, is: ™Depart on runway heading
until reaching 4000 feet, then turn to heading 186 to intercept the
120 radial of TAC=42."

When such instructions are given indicate the locatlon of the navalds
used directly on the C&GE map, using standard symbols to identify

the location and indicate the code (e.g., TAC-42) next to it. If

the navaid i1s located cff the map, the latitude and longitude coordi-
nates of the navaid must be provided with a precision of at least 0.1
minutes ¢! arc.

Obviously where CIDs are flown they can be listed directly. It must
be pointed out, how ver, that SIDs are generally "lost communications”
procesures, and tha:. in normal day-to-day operations aircraft may

well follow a different procedure. One must, therefore, critically
analyze the SID and only use it if it is really followed exactly.
Otherwlise, one should 1list the prccedure actually flown, rather than
the published SID.
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On the Departure Procedure overlay, indicate the range of ground
tracks which one would reasonably expect to result from each pro-
cedure,

Landings

On the landing overlay, draw the ground tracks appropriate for
landings and label them with the code used on the Landing Schedule.
The description on the schedule starts from the initial approach
fix or some similar sultable point, and stops at touchdown. For
all approaches which use a constant rate of descent a nominal
glide slope may be defined. If thls 1s given on the schedule 1t
wlll be used and no altitude information needs to be specified.

If the rate of descent is not constant, altitude information must
be supplied. Although an altitude space 1s provided for every line
it i1s only necessary to give the altitudes at those points where
the rate of descent changes.

For those alrcraft that use an overhead approach, specify the
altitude five miles from runway threshold, the break altitude, and
the pattern altitude. Provide a sketch of the flight track on the
ground for the complete approach pattern in the form of an overlay
to the C&GS map.

For landings that use the VFR trafflc pattern follow the same pro-
cedure and indicate how and where the entry into the pattern is
made.

Touch-and-go and FMLP Operatiins

Special attention should be given to all tralning flight paths,
such as touch-and-go or mirror landing practice patterns. Agailn

it 1s necessary to specify the number of operations during the day
and nighttime periods (0701-2200 and 2201-0700). The extent of

the pattern for one aircraft in the pattern, for the average number
in the pattern, and for the maximum 1in the pattern should be indi-
cated on an overlay. It 1s necessary that this overlay be separate
from those for other operations.

The description of the operational parameters 1s entered on the
T&G/FMLP worksheet. Use a separate sheet for each alrcraft type
in each pattern.

STATIC ENGINZ RUNUPS

Statlic engline runups, whether for maintenance or preflight checkout,
can produce significant noise intrusions 1n nearby communities. To
assess the impact of ground runup noilse, the followlng types of
information are required.

l. Location of all runup pads.
2. Direction of engine exhaust at each pad.
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3. Noilse suppression devices available.

4. Type aircraft or engine using each pad.

5. Engine power settings and length of test.

6. Time of day the runups are performed.
The following three steps « .%kline the process for specifying the
required information:

1. Identify all runup areas.

2. Llescribe all runup test procedures.

3. Determine average daily utilization of each runup

area for each test procedure.

Step 1. Location and Orientation of Runup Pads

A "runup pad" 1is to be considered as any location where a stationary
alrcraft or bare engine 1s operated on a regular basis 1n excess of
idle power. Typically these areas include:

l. Bare engine test stands.
2., Plightline parking stalls.
3. Maintenance runup cells.

4, Preflight runup area (prior to takeoff).

ST A

The first step is to identify the location of all runup pads. In
most cases, a map of the airbase will cover all of the locations

mentioned above. On this map the following shoculd be clearly 1indi-
cated:

1. Mark with a large dot the location of every runup
pad (do not show pads where engine power never
exceeds idle).

2. For each dot placed on the map attach an arrow indl-
cating the direction of the engine exhaust. An
example 1s shown in Figure 1. The direction of the
arrow 1s important, thus care should be taken 1in
accurately showing the correct aircraft orientation.

3. Label each dot so that it can later be referred tc

by a name or number., The label may te any combina-
( ticn of letters, numbers, or punctuation marks, but
[ must be restricted to elght characters or less i
' (including any punctuation characters). An example
is shown in Figure 1.

4. Be certain a north arrow apnpears on the map.
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Step 2. Define Runup Tests

Ir almost all cases an aircraft and/or engine 1s brought to the
runup area, one or more tests are performed, and the runup area

is cleared. These tests may be leak tests, trim tests, or any

one of a number of basic procedures followed by flight and main-
tenance personnel during engine servicing and checkout. Typilcally,
a test involves running one or more engines at various power set-

tings for some nominal period of time. The specific information
required for each test is:

1. Type of alrcraft and/or engine.

no

. Type of noise suppressor used (if any).
. Number of engines operating.
. Englne power setting.

vl =W

. Total length of time englne 1s operating at each
power setting.

A partially completed form is shown in Figure 2. Note that each
test 1s numbered and the details of each power setting are tabulated
in the appropriate columns.

The most difficult task 1n completing this form is determining the
total length of time the engine 1s operating at the various power
settings. It 1s acknowledged that there is rarely a defined time
schedule for these tests, and the total time the engine 1s operated
at any gilven rower setting can easily vary by a factor of two or
more from one test to the next. There are essentiaily two methods
for determining these times. In order of preference, they are:

1. Provide on-slte personnel to measure times fcr 10 to
20 tests, and determine average values.

2. O0Obtain best estimates from knowledgeable personnel.

The means by which this timing data was obtailned shou.d be noted
in the appropriate c<lumn of the form.

Step 3. Runup Tad Utilization

rach runup pad ildentified on the base map in 3tep 1 will be used for
one or more cf the tests described under Step 2. At this point, the
average number of times per day that each test is undertaken at the
various pads mu t be determined. A sample form Is shown in Figure 3.
mvery pad identified 1n Step 1 should appear on this rorm. The
frequency c¢f the various tests will, of courre, vary from pad tc¢ pad.
Frequentiy, a single aircraft may be on a pac for several days with
long shutdown perilods befere the test 1s completed. This 1s still

to Le counted as one test., Runup areas frequently have average utlli-

zatlens of less than one test per day. In other cases a testi may
start during the day and extend into the night, or vice versa., For
reporting purposes, use the starting time of the test Lo establish
whether the test was performed durlng daytime or rigkttime,
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EXAMPLE OF FLIGHT OPERATIONS

To illustrate the method described in the 'Flight Operatlons' section
of thls appenulx, we will go through the steps necessary to fill out
the forms for flight operations at a base. The ground runup opera-
tions were already shown 1n the 'Static Engine Runups' section.

Assume an airbase with two intersecting runways 01-19 and 06=-24.
(We will only look at runway 06 to keep the number of forms to a
minimum.) The base operations per year are as follows:

F-4D 15000
F-4E 5000
F-8 16000

There are no F-4 operations on weekends, but 10% of the F-8 cpera-
ticris do take place over the weekend. Twenty percent of all opera-
tions take place during the night.

To find the duaily averages required, we calculate as follows. F=4
operations taxe place only during weekdays (260 per year). Therefore
divide the total number of operations by 520, since total operations
is landings plus takeoffs. This gives us for average takeoffs or
landings 28. F-U4D and 9.615 F-4E. The F-& operations also take
place over the weekend, but since the wee end comprises 2/7 = 28.6%
of the total time but accounts for 10% of operatlions the weekend
contribution 1s not considered. Therefore, the number of operations
to be considered is 16000 - 1600 = 14400. This becomes 27.692 per
day. Therefore, we have

TOTA_ DAILY OPERATIONS ON BASE

Takeoffs Total Day Night
F-4D 28.846 23.077 5.769
F-4E 9.615 7.692 1.923
F-8 27.692 22,154 5.538

Next the following runway percentages are determined.

R Day  Night
01 5% 0%
06 60% 80%
19 10% 0%
24 25% 20%

These percentages are for <akeoffs as well as landings. During the
day both runways are in use, but at rnight 01-19 1s closed. Note that
the percentages add to 10.% for each of the periods: The runway 1is
10000 feet long and runway 24 has a 130C feet displaced threshold,
The percentages are shown in Figure 4. If we look at runway 06 we
find that 1t is used as follavs.
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Runway 06
Takeoffs or Landings Day Night
F-4D 13.846 L.615
F-4E 4,615 1.538
F-8 13.252 4,430

These numbers are obtained by multiplying the number of dally opera-
tions by the runway percentages (e.g., 23.077 X 60% = 13.846 and
5.769 x 80% = 4,615).

There are three takeoff procedures and one landing procedure for
R/W 06.

1. Takeoff straight out. This is done by 30% of F-4
and 60% of F-8 aircraft taking off from 06,

2. Takeoff and turn 60° right threc miles past the run-
way and proceed straight out. All aircraft will turn
with a 13,000 feet turn radius. This procedure is
followed by 30% of F-4 and 5% of F-8 taking off from
06. (Note that threec miles = 18000 feet plus 10000
feet because we start from brake release!)

3. Takeoff along runway heading to 4000 feet AGL, turn
to heading 186 to intercept the 120 radial of TAC-L2,
This is used by 40% of F-4 and 25% of F-8.

4, 7S landing with 2.85° glide sliope followed by all
landings.

We will calculate the numbers of aircraft following each procedure.
Since 80% of F-4 and 60% of F-t operations on Runway 06 follow the
first takeoff procedure we multiply the number of operations by the
percentages. For example these are 13.846 x 30% = 4.154 F-4D air-
craft per day which use this procedure and 4.615 x 30% = 1.385 per
night, =2tc. These numbers have been multiplied out and entered on
the appropriate figures, which are labeled Figures 5-8.

Similar calculations zan be performed for each of the other runways
following the same outline. It 1s best to calculate these numbers
runway by runway and leave the standard forms in the order in which
they were fllled out, since this 1s the logical order for further
processing at the compiter center.

When all forms are filled out, including those for ground runup
operations, they should be counted, page numbered, and listed on
the transmittal letter. A partially “illed out letter is shown in
Figure 9.

U.S. GEOLOGICAL SURVEY MAPS

The United States Department of the Interior Geological Survey pub-
lishes the following information regarding thelr maps.
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The Geologilcal Survey is making a seriles of standard topographic
maps to cover the United States, Puerto Rico, Guam, American Samoa,
and the Virgin Islands. Under the plan adopted, the unit of survey
1s a quadrangle bounded by parallels of latitude and merldians of
longi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>